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Conilon Coffee Mechanical Harvesting
Gustavo Soares de Souza, José Antônio Lani, Maurício Blanco Infantini,
Fábio Moreira da Silva, Enrique Anastácio Alves and Rafael de Lima Bueno

1 INTRODUCTION
The cost and shortage of workforce are currently two important bottlenecks in the conilon 

coffee production areas in Brazil. This is due to many rural families migration to urban centers 
looking for income increase and financial stability, as well as better access to health and quality 
education.

The low workforce offer in the field has cost and limited the culture exploitation in periods 
of great demand, especially at harvesting time. The harvesting, which occurs from April 
to August in conilon coffee case, can last up to five months, depending on the interaction 
between the genetic characteristics of the plants in the crop (early, middle or late maturation) 
and the climate conditions, mainly outlined by temperature and rain (quantity and distribution 
of rainfall). However, most coffee growers do this activity in a period of less than 90 days and 
manually.

The ideal harvesting point occurs when the crop presents 80% of the fruits at the ripe stage 
(FERRÃO et al., 2012). Due to the labor scarcity, many coffee growers can not harvest all the 
crops lands with the fruits in that maturation interval. Thus, fruits harvested late or remaining 
in the crop can be attacked by coffee borer, which results in damages in yield and bean quality, 
besides greater pest infestations in the next harvest. There are also producers who anticipate 
the harvesting, which interferes with the filling and beans quality. Thus, this lack of workforce 
results in higher production costs and an unfavorable environment for the production of 
quality coffees. This makes the product less competitive in the domestic and international 
markets. Agricultural mechanization has contributed, along with other management practices, 
to a significant increase in crops yeld of several products and reduction in costs over the last 
century. In Brazil, agricultural mechanization has been one of the foundations of the crop 
production system, such as soybean, corn, rice, cotton, sugarcane and arabica coffee. The 
machines insertion into agricultural production systems contributed as a multiplying agent 
of human labor, raising labor productivity, expanding agricultural frontiers, reducing the time 
spent on hand management activities and increasing the financial return for farmers (LOPES et 
al., 1995; OLIVEIRA et al., 2007b; FERNANDES et al., 2013).

Mechanical harvesting is one of the most important activities in the agricultural crops 
management. The harvesting stage stands out due to the difficulties, the high cost involved 
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and the product to be converted into a financial resource (SOUZA et al., 2001; OLIVEIRA et al., 
2007a). That way, the fruits are harvested as the most important step in the coffee plantations 
management in which the coffee grower recovers the investments made (SILVA et al., 2001; 
OLIVEIRA et al., 2007a, 2007c). The main benefits of mechanical harvesting are better quality 
products, reduction of losses and increase in profits (OLIVEIRA et al., 2007b). These authors 
observed, in arabica coffee plantations, a reduction of 62% in the total cost of the mechanical 
harvesting compared to the manual. Analyzing economic indicators, Lanna and Reis (2012) 
classified the manual harvesting of arabica coffee as unfeasible, while in the mechanical 
harvesting, they identified a lower cost and higher rate of return on investment.

The conilon coffee harvesting mechanization is a viable alternative that can reduce 
harvesting time, workforce demand, and production costs. This might positively contribute 
to a greater activities qualification and income improvement for the farmers and other self-
employed workers involved in that period. There is still no consolidated mechanical harvesting 
method for conilon coffee. In the State of Espírito Santo, from 2010 on, the Instituto Capixaba 
de Pesquisa, Assistência Técnica e Extensão Rural - Incaper (Capixaba Institute for Research, 
Technical Assistance and Rural Extension), in partnership with public and private institutions 
and coffee growers intensified efforts to study and make the mechanical harvesting of conilon 
coffee possible, basically by means of the adaptation of production technologies and upgrades 
of existing machinery and processes.

Therefore, this chapter will discuss the main results already obtained and the discussion of 
future trends related to the studied topic.

2 CLASSIFICATION OF HARVESTING SYSTEMS
The conilon coffee harvesting encompasses a series of operations performed in sequence 

to hand strip harvesting and fruits cleaning. The mechanisms used to carry out the operations 
and their order define the harvesting systems. According to Balastreire (1987) and Silva et al. 
(2001), harvesting systems are classified into:

- Manual: system in which all the activities involved in the harvesting are manually 
performed, with the exception of transportation, requiring a substantial number of workers 
per area. It is characterized, so far, as the predominant system in the different crop producing 
regions. This harvesting process can be total or selective hand stripping.

In the total hand strip harvesting, all the fruits are removed from the plants at once, which 
predominates in Brazil.

The selective fruits harvesting is performed in a step wise manner, choosing only the ripe 
fruits (cherry, raisin and dry). The number of passes will be defined by the homogeneity of the 
flowering, development and fruit maturation processes. Selective harvesting is little used for 
increasing the demand for labor and, consequently, costs. It is most common in properties that 
work with premium and coffees and micro batches.

- Semi-mechanical: consists of the use of machines only during the execution of harvesting 
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operations; the rest of the process is carried out manually. In the conilon coffee harvesting, the 
fruits strip harvesting, depending on the collection system, is performed manually, while the 
other activities are predominantly performed by machines. This system has the potential to 
expand and attend small, medium and large coffee grower.

- Mechanization: the strip harvesting, cleaning and transportation operations involved in 
harvesting are mechanically performed, which are feasible on large, technologically advanced 
and favorable topography (slope <30%) properties. Although the system is called mechanical, 
it does not completely eliminate the use of manual service, because the machines can not 
harvest all the fruits of the plant lacking, most of the time, another strip harvesting. Thus, fruits 
remaining after the mechanical strip harvesting are removed manually or even mechanically in 
an operation called transfer, depending on the quantity and technical and economic viability.

This classification given to the harvesting systems has a didactic character, since, in 
practice, this does not happen, since the manual harvesting uses mechanical activities, as in the 
transport, just as the mechanical harvesting lacks manual stages, as the manual transfer. From 
the technical point of view, the harvesting systems vary from manual to mechanical, depending 
on the level of workforce or machines use in the operations execution. The trend that is verified 
in conilon coffee culture is an expansion of mechanical operations with the balanced use of 
manual and mechanical work.

3 MACHINERY AND OPERATIONS IN USE AND UNDER TESTING FOR THE 
HARVESTING
Currently, there are several machine models designed to perform the operations involved 

in conilon coffee harvesting. It follows a description of some these machines, available in 
the national or developing market, that are being used in mechanical harvesting of conilon 
coffee, with technical and performance characteristics, according to information presented by 
manufacturers, coffee grower and execution tests carried out by Incaper, in partnership with 
public and private institutions and coffee grower as well.

3.1 COFFEE HARVESTER MACHINE

3.1.1 Coffee harvester machine operation
They are machines pulled by tractors that perform the picking of the vegetal material on 

the ground, after manual hand stripping and the cutting of productive branches (Figure 1). 
These machines collect the productive branches that were previously cut and the fruits strip 
harvested and deposited between the lines, on the ground, separate the impurities and deposit 
the cleaned fruits in the grain tank. In this process, the leaves and branches are separated, 
partially crushed and returned to the soil. Depending on the machine dimensions, they are 
collected in crops with lines spaced from 2.8 m; however, it is is recommended a spacing of 3.0 
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to 3.5 m between the planting lines to avoid breaking branches and fallen stems. In this system, 
the coffee tree pinching and pruning is already done during the harvesting, which helps to 
reestablish the plants and reduces production costs.

There are already in the market options of machines and models to meet the specificities 
of the conilon coffee plantations. Thus, this equipment are more aligned to the profile of small 
and medium conilon coffee producers. 

3.1.2 Technical characteristics of the coffee harvester machine
Table 1 describes the main technical characteristics of the coffee picker machine currently 

used in the conilon coffee harvesting in Espírito Santo.

Figure 1. Machine used in the collection of conilon coffee fruits, strip harvested and left on the ground 
(A); detail of the strip harvesting associated with pruning (B); of the vegetal material collection 
operation (C); and image after the machine be used(D), in the harvest of 2012/13, in Nova 
Venécia/ES.

C D

A B
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Table 1. Technical characteristics of coffee harvester machine pulled by tractor being used in the semi-
mechanical harvesting of conilon coffee

Characteristics
Model

Master Cafe 2C
Required power in the engine 75 cv
Coupling TDP
Rotation 540 rpm
Length 6.360 mm
Width 1.700 mm
Gauge 1.750 mm
Working Width 1.200 mm
Height 3.980 mm
Type of harvester Roller
Type of cleaning Suction
Bulk tank 2.500 L
Road 2 tires
Weight 2.700 kg

Source: Miac Máquinas Agrícolas (2016) *Miac Agricultural Machinery.

3.2 THRESHING MACHINES

3.2.1 Threshing machines operation 
The harvesting system with the use of a threshing machine consists of the manual cutting 

of the orthotropic branches (whole plant) and manual bundling between the lines. Then, these 
branches are transported manually to the trail system, which separates the fruits from the 
branches, leaves and impurities of the crop. The orthotropic branches pruning is performed 
between 0.2 and 0.4 m of soil height (Figure 2). These machines are pulled by coffee tractors in 
larger properties, where production is staggered.

This equipment has been used in the plantations renew, with the pruning of all the 
orthotropic branches. Another use has occurred in the management system under development 
called “super harvest” or “zero harvest” with dense plantations, described in topic 5.1.

3.2.2 Technical characteristics of threshing machines
Table 2 describes the main technical characteristics of the machines used in the semi-

mechanical harvesting system of conilon coffee.
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Table 2. Technical characteristics of threshing machines pulled by tractor in use in semi-mechanical 
harvesting of conilon coffee

Characteristics
Model

Master Grãos Double Master 4 C

Required power in the engine 55 cv 75 cv

Coupling TDP TDP

Work rotation 540 rpm 540 rpm

Length 5.670 mm 7.154 mm

Width 2.000 mm 3.524 mm

Gauge 1.650 mm 2.075 - 2.575 mm

Height 3.200 mm 4.629 mm

Bulk tank - 5.500 L

Weight 1.350 kg 4.640 kg

Road 2 tires 2 tires

Source: Miac Máquinas Agrícolas (2016) *Miac Agricultural Machinery.

Figure 2. Threshing machine in use in conilon coffee tree with orthotropic branches pruning (A); 
plantation after harvesting (B); renewed plantation with new shoots (C); and orthotropic 
branches harvested seven days after pruning (D) in the 2013/14 harvest in Pinheiros and 
Nova Venécia/ES.

C D

A B
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3.3 STATIONARY HARVESTING AND THRESHING MACHINES WITH CANVAS

3.3.1 Stationary harvesting and threshing machines with canvas operation
The conilon coffee picking and harvesting process was recently modified, adapting 

harvesting and threshing machines to collect the vegetal material with canvas (Figure 3). In 
this case, the coffee planter places canvas under the plants crown, on both sides of the planting 
line that will receive the plagiotropic branches and the fruits adhered after pruning. The fruits 
adhered to the younger plagiotropic branches (<50% of the productive potential) are only on 
the canvas.

The adapted harvesting and threshing machines have a device activated by the operator 
that pulls and wraps the canvas with the vegetal material. So, the canvas is rolled up and 
the branches, leaves and fruits are dumped into the trail system. Depending on the spacing 

A

Figure 3. Machine adapted to collect leaves, branches and fruits (A) on the canvas (B) and detail of the 
canvas being rolled (C) in the 2014/15 harvest, in Jaguaré/ES.

B

C
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between the crop lines, polypropylene or shade cloth canvas are used, ranging in width from 
2.0 to 3.5 m and length from 40 to 80 m. However, larger sizes have already been tested. In this 
system, pruning is also carried out simultaneously with the coffee harvesting process, which 
advances the crop re-establishment and reduces production costs, as described in topic 6.

3.3.2 Technical characteristics of stationary harvesting and threshing 
machines with canvas

Table 3 describes the main technical characteristics of the machines adapted with canvas 
and used in the semi-mechanical harvesting system of conilon coffee.

Table 3. Technical characteristics of threshing machines pulled by tractor in use in semi-mechanical 
harvesting of conilon coffee

Characteristics
Model

Master Grains CR Master Cafe 2 CR Double Master 4 CR

Required power in the engine 75 hp 75 hp 80 hp
Coupling Drawbar Drawbar Drawbar
Activation TDP (540 rpm) TDP (540 rpm) TDP (540 rpm)
Fruits transportation - Bucket elevator Bucket elevator
Bulk carrier capacity - 3.000 L 4.000 L
Discharge system - Dumping Dumping
Length 6.660 mm 6.990 mm 8.040 mm
Width 2.220 mm 2.500 mm 3.860 mm
Gauge 1.450 mm 1.750 mm 2.155 mm
Height 3.250 mm 3.150 mm 4.070 mm
Discharge height - 2.790 mm 3.160 mm
Weight 2.150 kg 2.900 kg 4.640 kg
Tires 7,50 x 16” 10,50 x 16” 400/60 x 15,5”

Source: Miac Máquinas Agrícolas (2016) *Miac Agricultural Machinery.

3.4 AUTOMOTIVE HARVESTER

3.4.1 Automotive operation
Automotive harvesters are machines that have been designed to strip harvesting the fruit 

and cause minimal damage to the plants in order not to affect the next crops production. They 
are recommended machines for perennial crops, such as conilon coffee.

Two concepts of machines can be pointed out, such as the strip harvesting made by rods 
(Figure 4A) and by stickers (Figure 4B). When the machine moves in the coffee trees line, these 
rods and stickers start a friction and transmit vibration to the plants, making the fruits fall on 
both sides of the coffee line.
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In the machine with rods, the strip harvested fruits fall into rubber buckets on the underside 
of the machine that transport the fruits to the upper part (Figure 5), where they are discharged 
on a conveyor belt along with leaves and plagiotropic branches removed from the plant during 
the harvesting process. An exhaust fan performs the cleaning, separating the leaves and 
branches from the harvested fruits, which are transported to a bulk tank, where they are stored 
until they are discharged by dumping the tank. There is also the possibility that the fruits, after 
exhaust fan cleaning, are discharged in a container pulled by tractor through a lateral nozzle.

In the machine with stickers, the strip harvested fruits fall on plastic plates, which open to 
allow the coffee tree orthotropic branches to pass inside the machine and return to the original 

A CB

Figure 5. Braud New Holland harvester details. Rubber buckets that receive the strip harvested fruits on 
the underside of the machine (A); exhaust fan for fruit cleaning (B); and bulk tank (C).

Figure 4. Automotive harvester with Braud New Holland (A) rods and Case IH (B) stickers tested for 
conilon coffee, in the 2014/2015 harvests, in Pinheiros/ES and São Mateus/ES, respectively.

A B
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position through compressed springs when the plates are open. The fruits slide on the plates 
and are directed to horizontal conveyors that lead the fruits to the elevators, equipped with a 
ventilation system and sieves that separate the leaves and lateral branches from the fruits. The 
fruits are transported through the elevators to the upper part of the machine where they are 
discharged through a lateral nozzle or stored in a bulk tank. Details are presented in Figure 6.

3.4.2 Technical characteristics of automotive harvester
Currently, automotive harvesters are widely used in the arabica coffee harvesting and have 

also been adapted for the conilon harvesting, considering the differences between the two 
species regarding to crop management, plant size and architecture, fruit detachment force, 
pruning system, maturation uniformity, genetic variability, among other aspects. Table 4 
describes the main technical characteristics of automotive harvesters in test for conilon coffee 
in the State of Espírito Santo.

Table 4. Technical characteristics of the automotive harvesters tested for conilon coffee in the harvests 
from 2012/13 to 2015/16 in the northern region of Espírito Santo 

Characteristics
Brand/Model

Coffee Express 200/Case IH (1) Braud 9090X (2) / New Holand
Engine power 55 cv 175 cv
Consumption 5.0 L h-1 9.5 L h-1

Road 3 pneus 4 pneus
Length 5.220 mm 6.500 mm
Width 3.500 mm 3.200 mm
Gauge 3.285 mm 3.231 mm
Height 3.270 mm 4.000 mm
Bulk tank 2.000 L 2.000 / 4.000 L
Weight 5.000 kg 11.000 kg
Work declivity 17% 25%

Source: (1)Case IH Agriculture (2016), (2)New Holland Agriculture (2016).

A CB

Figure 6. Case IH harvester details with plastic bottom sealing plates and side conveyors (A), elevators 
(B) and bulk tank (C).
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4 OPERATING CHARACTERISTICS OF HARVESTERS

4.1 SEMI-MECHANICAL SYSTEMS

The first tests carried out with machines for conilon coffee semi-mechanical harvesting 
began in the 2010/11 harvest, in the northern region of Espírito Santo, with a concept of picking 
the fruits from the ground. This concept passed through profound changes and currently has 
been replaced by manual and canvas picking process. Therefore, the results presented are 
limited to semi-mechanical systems with the use of a threshing machine (“super harvest”) and 
the picking with canvas. The data presented by the harvesters were obtained from execution 
tests, field surveys with coffee grower and consultants and technical data from companies in 
the agricultural machinery sector (Table 5).

Table 5. Operational characteristics of a threshing machine and stationary harvesting machine with 
canvas in use in the coffee conilon harvesting in Espírito Santo

Characteristics
Semi-mechanical system

Threshing machine Stationary Harvesting machine 
with canvas

Required labor 3-7 pessoas 9-18 pessoas

Operational capacity 0,20-0,40 ha h-1 0,15-0,35 ha h-1

Harvesting capacity 80 sacos h-1 100 sacos h-1

Strip harvesting efficiency 100% 100%

Harvesting efficiency 97 - 99% 97 - 99%

Losses 1 - 3% 1 - 3%

Source: Miac Máquinas Agrícolas (2016) *Miac Agricultural Machinery.

Threshing machine and the stationary harvesting machine with canvas are used with the 
number of people ranging from 3-7 and 9-18, respectively. This results in an operating capacity 
of 0.20-0.40 and 0.15-0.35 ha h-1. Thus, these machines are equivalent to between 40 and 50 
rural workers, considering a harvesting average of 16 bags per day-1. The average harvesting 
capacity observed in the field is 80-100 bags h-1; however, these results depend directly on 
plant productivity and harvesting speed. The strip harvesting efficiency was considered as 
100%, since it is performed manually. However, this depends directly on the manual stripping 
quality. Harvesting efficiency of the threshing machine and the stationary harvesting machine 
with canvas ranges from 97 to 99%, depending on the machine settings and the training of 
workers involved in the activity, with soil losses of 1 to 3%.
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4.2 AUTOMOTIVE MECHANICAL SYSTEMS

4.2.1 Operational characteristics in traditional crops
The trials were carried out in the 2013/14 harvest, in the municipalities of Jaguaré and 

Pinheiros, in traditional producers crops, initially implanted for manual harvesting, with three 
orthotropic branches per plant and in the spacing of 3.0 to 3.5 mx 1.0 m. Crops with lands of 
one clone per line and with several clones mixed in the line and two automotive harvesters, 
Case and Braud New Holland, were selected for the work. Table 6 presents the average results 
regarding the operational capacity.

Table 6. Operational capacity average data of two automotive harvesters in the conilon coffee harvesting 
evaluated in traditional crop, 2013/14 harvest, in Jaguaré and Pinheiros/ES

Harvesters Harvesting Speed
Efficiency

Ground Loss
Strip harvesting Harvesting

Case 1,0 - 1,6 km h-1 85 - 93% 70 - 83% 10 - 21%

Braud New Holland 1,0 - 1,2 km h-1 85 - 94% 80 - 89% 5 - 11%

Source: Unpublished research data.

The automotive test harvesters presented operational capacity and harvest yields from 
0.30 to 0.40 ha h-1 and from 100 to 130 bags h-1, respectively, according to the displacement 
speed and crop productivity. The increase in harvester speed resulted in higher operational 
capacity with lower harvesting time per area, which coincides with results obtained by Oliveira 
et al. (2007a). The increase in the machine speed, in general, decreased the efficiency of strip 
harvesting and harvesting of conilon coffee fruits, caused by the shorter contact time of the 
plants to the action of rods or stickers, which was also observed for arabica coffee (SILVA et al., 
2006; OLIVEIRA et al., 2007c).

These machines presented strip harvesting and harvesting efficiency ranging from 85 to 
94% and 70 to 89%, respectively, which depends on the losses, mainly of not stripped fruits and 
left on the ground. The reduction of the strip harvesting efficiency in the mechanical systems 
resulted in a greater pending load, which would justify the manual transfer as described by 
Santinato et al. (2013).

The ground losses were lower in the Braud New Holland harvester compared to Case. The 
fruit picking was considered unfeasible for the arabica coffee (OLIVEIRA et al., 2007a), due to 
the reduced volume and the high operational cost. However, this ground picking may be viable 
for conilon coffee, which requires further operational and economic studies. The management 
of multicaulis plants (three to four orthotropic branches) made it difficult to seal the fruit 
reception system, resulting in similar losses to Oliveira et al. (2007a, 2007b) and Silva et al. 
(2013) works, both for arabica coffee. The presence of arched plants also contributed to the 
increase of ground losses. So, the development of a new clonal conilon cultivar, derived from 
the clustering of clones with erect growth, can minimize these losses. The coffee conilon, in 
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general, does not show a natural fall of the ripe fruits on the ground as it occurs in the arabica 
coffee (FONSECA et al., 2007), which favors the strip harvesting efficiency and, consequently, 
minimizes the losses in the crop. However, there are reports of coffee growers and technicians 
that some plants in certain regions of Espírito Santo would show this natural detachment, but 
these issues still need to be investigated and the causes, elucidated.

Table 2 presented results which were considered satisfactory; however, slightly lower than 
those obtained from the arabica coffee harvesting (SANTINATO et al., 2013, 2014; SILVA, F. C. 
et al., 2013; SILVA, F. A. et al., 2013). It is worth noting that the crops were not prepared for the 
harvesters, with the presence of irregularities on the ground, fallen plants and with uneven 
growth, and in some cases, showing uneven fruit maturation in the line. In these execution 
tests, the machines configuration and the number of passes in the line, the harvesting speed, 
the agitation frequency, the fruits maturation level and the plants architecture changed the 
strip harvesting and harvesting processes requiring specific adjustments to crop conditions.

4.2.2 Operational characteristics in experimental crops
From the year 2013, conilon coffee plantations of the northern region of Espírito Santo were 

prepared for the mechanical harvesting, being conducted with one, two and three orthotropic 
branches and spacing between lines of 3.2 to 3.5 m and between plants in the line ranging 
from 0.5 to 1.0 m. So, in the 2014/15 and 2015/16 harvests, the performance and efficiency of 
automotive harvesters (Table 7) were evaluated in plants previously prepared for the mechanical 
harvesting, as described in topic 5.2. It was verified the strip harvesting and the harvesting 
efficient ranging from 85 to 97% and 75 to 92%, respectively, with an average higher than the 
tests performed in traditional crops. Ground losses were again lower in the Braud New Holland 
harvester than in Case and reduced comparing with the previously mentioned tests (Table 6). 
However, it is worth to point out that, in the evaluated harvests, there was a marked period 
of water stress in the State, especially in the 2015/16 crop, which severely compromised the 
plants development and production. As a consequence, there was a reduction in the expected 
productivity of the experimental crops and, concurrently, in the operational harvesting capacity, 
which ranged from 0.20 to 0.40 ha h-1 and from 90 to 120 bags h-1.

Table 7. Average data on the operational capacity of automotive harvesters in the conilon coffee 
harvesting evaluated in experimental crops in the 2014/15 and 2015/16 harvests in São 
Mateus/ES

Harvesters Harvesting Speed
Efficiency

Ground Loss
Strip harvesting Harvesting

Case 1.0 - 1.6 km h-1 85 - 97% 75 - 87% 10 - 14%

Braud New Holland 1.0 - 2.0 km h-1 85 - 96% 81 - 92% 4 - 8%

Source: Unpublished research data.

The results are similar to those described in the scientific literature for the arabica coffee 
harvesting (SANTINATO et al. 2013, 2014; SILVA, F. C. et al. 2013; SILVA, F. M. et al. 2013), which 
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indicate a technical feasibility of the machines use, but which also demonstrate the need for 
continuity of the research work related to the machines adaptation to the crops and the crops 
to the machines. 

The studies on coffee mechanical harvesting indicate high efficiency of the operation since 
the harvester is with the rods or stickers vibrations and operational speed correctly set and 
adapted to each variety type (OLIVEIRA et al., 2007a, 2007b; SANTINATO et al., 2014). Therefore, 
adjusting these settings, as well as technically defining the crop characteristics and conilon 
coffee management are essential for the success of the mechanical operations.

4.2.3 Harvesting selectivity future perspectives
The lack of labor has led many coffee grower to anticipate harvesting by beginning this 

activity with a high proportion of green fruits (<80% ripe), which decreases beverage quality 
and grain yield in the drying process (FAVARIN et al., 2004; FERRÃO et al., 2012). Coffee is an 
agricultural product whose price is based on qualitative parameters and whose value increases 
with quality improvement (OLIVEIRA et al., 2007a). Thus, the mechanical harvesting system of 
conilon coffee can help to improve the beverage quality, since it will no longer be necessary to 
anticipate the harvesting season, which will have a higher ripe fruits proportion.

Seminal crops uneven maturation between plants, since they are formed by the 
recombination of different genotypes. Similarly, when the clonal cultivars are planted with the 
clones mixed, without the use of the “in-line planting” technology, there is also a maturation 
unevenness between the different plants in the crop. Thus, crops with uneven maturation 
could be harvested selectively, aiming the strip harvesting of the ripe fruits (cherries and dried 
fruits) without harvesting the green fruits of the plant. The selective harvesting system already 
occurs in the arabica coffee tree and generally, two or three passes of the automotive harvesters 
are performed in the field (SILVA, F. C. et al. 2013; SILVA, F. M. et al.. 2013). Basically, in arabica 
coffee trees, the first pass (selective) with lower vibration frequency of the strip harvesting unit 
(750-850 rpm) and/or greater harvester speed (1,30-1,60 km h-1) and a second pass with higher 
frequency (950 rpm) and lower speed (≤1.0 km h-1) for total fruit harvesting (SILVA, F. M. et al. 
2013; SANTINATO et al., 2014).

The selective harvesting system through the use of automotive machines, already 
consolidated for the arabica coffee, was tested for conilon coffee. In the 2013/14 crop, in not 
prepared clonal crops in Pinheiros/ES, the potential of selective harvesting with the strip 
harvesting of ripe fruits was observed using a sticker automated harvester, while the greens 
were not strip harvested (Figure 7).

The fruit removal or detachment force is an important characteristic to evaluate the cultivar 
suitability for the automotive mechanical harvesting, since the harvesting devices efficiency is 
directly related to the detachment force of the fruits from the plant (CRISOSTO; NAGAO, 1991). 
Within this approach, the detachment force of two conilon coffee clones was measured in the 
2015/16 crop, in São Mateus/ES (Table 8). It is possible to verify a difference in the detachment 
force between the genetic materials (3,00 N), characterizing the need for continuous 
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adjustments of the harvesting process. Such results were similar to those found for arabica 
coffee tree (CRISOSTO; NAGAO, 1991; SILVA et al., 2010) indicating that there is no restriction 
regarding the detachment force for conilon coffee harvesting with automotive harvester.

Table 8. Fruit detachment force of two conilon coffee clones in two maturation stages, in the 2015/16 
harvest, in São Mateus/ES

Fruit maturation
Detachment force (N)

Clone 1 Clone 2

Green (G) 3.60 6.60

Cherry (C) 3.00 6.00

Difference (G - C) 0.60 0.60

Source: Unpublished research data.

The required force for the ripe fruits detachment was lower than for the green fruits, which 
also occurs for the arabica coffee (SILVA et al., 2010). The force difference between the green 
and the ripe fruits were similar for both clones (0.60 N). The greater the difference, the greater 
the potential for success of the selective harvesting (SILVA, F. M. et al., 2013). Crisosto and Nagao 
(1991) found differences in the detachment force between green and ripe arabica fruits of up to 
7.3 N. According to Silva et al. (2010), the force difference between green and ripe fruits should 

Figure 7. Selectivity in the harvesting of the conilon coffee fruits using an automotive sticker machine 
in the 2013/14 crop, in Pinheiros/ES. Green fruits adhered to the plagiotropic branches (A); 
and ripe fruits harvested by the machine (B).

A B
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be greater than 3.0 N to obtain a good selectivity in automotive harvesting in arabica coffee 
tree.

In the 2015/16 harvest, another study was carried out to measure the conilon coffee fruit 
detachment force of three clones from Incaper (‘ES8122’ - Jequitibá, ‘Centenária ES8132’ and 
‘Vitória Incaper 8142’) and a seed propagation cultivar (Emcaper 8151 - Robusta Tropical). 
The clonal cultivars are formed by the grouping of 9 to 13 clones. The work was carried out at 
Bananal do Norte Farm, municipality of Cachoeiro de Itapemirim/ES in lands with five years old 
plants. The detachment force for green, cherry and dried fruits was measured (Figure 8). The 
results were similar for the four cultivars, with average results ranging from 5.97 to 6.72; 3.61 to 
4.60 and 1.98 to 2.40 N, for green fruits, cherries and dry, respectively. Fruit maturation resulted 
in a decrease in the detachment force from the plant, which was 32-40% for cherry and 61-71% 
for dried, both compared to green fruits. It was also observed that clones with a difference in 
the detachment force of green and ripe fruits of up to 5.40 N, which highlights a perspective of 
more selectivity with the use of automotive harvesters.

Considering that studies regarding the detachment force of the conilon fruits are still 
incipient, there is an enormous perspective to develop cultivars with characteristics that are 
suitable for the selective harvesting. Other aspects that influence the efficiency of mechanical 
harvesting, such as plant architecture, leaf quantity and size can not be neglected. Finally, 
evaluating different genetic materials through tests with harvesters will be fundamental 
to validate the performance of the next cultivars to be recommended for the selective and 
mechanical harvesting system.

D
et

ac
hm

en
t f

or
ce

 (N
)

10,00

8,00

6,00

4,00

2,00

0,00
Robusta 
Tropical

Jequitibá Centenária Vitória

Varieties

Green Cherry Dry

Figure 8. Detachment force of fruits from four conilon coffee cultivars at different maturation stages in 
the 2015/16 harvest, at the Experimental Farm of Bananal do Norte, Cachoeiro de Itapemirim/
ES.

Source: Unpublished research data.
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5 CROP MANAGEMENT FOR MECHANICAL HARVESTING

5.1 SEMI-MECHANICAL SYSTEMS

An important aspect of conilon coffee culture mechanization is the need for plants with 
erect orthotropic branches (Figure 9). Fallen branches can be easily broken by tractors and 
harvesters during the performance of management activities. Field observations indicate the 
need to reduce the number of orthotropic branches per plant to reduce the damping off.

For the use of conilon coffee ground harvesters, it is necessary initially to systematize 
the terrain, mainly between the lines, to remove irregularities that will reduce the harvesting 
efficiency. The leveling between the lines is usually done with a planer (Figure 10). Studies on 
soil conservation, erosive process, mineralization of organic matter and soil compaction in 
these management systems still need to be carried out.

In order to increase ground harvesting efficiency and avoid losses in the conilon planting, 
a blower is used to enclose the strip harvested/pruned material that lies between the lines 
(Figure 11). Thus, this material dispersed under the plants crown is enclose between the lines, 
increasing the harvesting efficiency and reducing the losses of fruits on the ground. Due to the 
machines movement between the plants lines, the recommended minimum spacing is 3.0 m, 
with 3.5 m being more appropriate.

The threshing machines have been used in the renew of old or even new coffee trees, in 
regions with lack of labor, with all the orthotropic branches pruned. Another use has occurred 
in the under development management system by Incaper and partners, called “super harvest” 
or “zero harvest” with dense crops. In experimental units, the plants were placed at a spacing of 
1.75 m x 0.80 m. In this system, the harvesting is performed every two years, time required for 

Figure 9. Detail of conilon coffee crop with selected erect material for the mechanical harvesting (A) in 
the 2012/13 harvest, in Nova Venécia/ES; and orthotropic branches pruning for automotive 
tests (B) in the 2013/14 harvest in Pinheiros/ES.

A B
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the formation of the new crown. In this way, the producer will need to stagger the lands, with 
alternation of areas in production. In dense management (“super harvest”) in producers’ areas, 
the first harvesting crops showed productivity of up to 150 bags ha-1 (60 kg with processed 
beans) for some genetic material, with an average of 75 bags ha-1 year-1.

In the harvesting with threshing machines, another possibility evaluated by a coffee 
grower in Pinheiros/ES, in the harvest of 2013/14, was the harvesting seven days after pruning, 
obtaining a reduction in drying time of 40% (Figure 12), without the observation of fruit 
fermentation, which is influenced by the climate of the region. According to the observations, 
there was practically no fruits detachment from the plagiotropic branches, which could result 
in an increase in the losses. During the 2013/14 harvest, it was also carried out in Ouro Preto do 

Figure 10. Planer coupled to the tractor used for leveling the ground before picking the strip harvested 
fruits on the ground (A); and terrain detail after the operation of the implement (B), in the 
2012/13 harvest, in Nova Venécia/ES.

A B

Figure 11. Traditional blower pulled by tractor used in the lining of the vegetal material before picking the 
strip harvested fruits on the ground (A); and ground picking process (B), in the 2012/13 harvest, 
in Nova Venécia/ES. 

A B
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Oeste/RO, a test on the effect of the harvesting done with the help of a threshing machine on 
fruit drying and conilon coffee quality (unpublished data). Two types of pruning (total pruning 
and plagiotropic branches pruning) with mixed drying (field and farmyard) were analyzed, 
comparing to the traditional system (manual strip harvesting and immediate drying on the 
farmyard) (Table 9).

Table 9. Conilon coffee tree water content and drinking quality comparing the drying on the farmyard 
right after harvesting and mixed drying (field and farmyard) in Ouro Preto do Oeste/RO

Treatment Management Drying Drinking 
Quality (Grade)*

Water content of 
fruits (%)*

T1 Pruning (plagiotropic 
branches) Field + farmyard 74.0a 39.6c

T2 Pruning (whole 
plant) Field + farmyard 73.9a 42.0b

T3 Manual Harvesting Farmyard 71.2a 61.0a

Source: Unpublished research data.

* Averages followed by the same letter in the column do not differ (Test: Tukey, p≤0.05).

T1- plagiotropic branches pruned and left in the field for seven days before harvesting with threshing machine and beginning 
of drying; T2- orthotropic branches pruned and left in the field for seven days before harvesting with threshing machine and 
beginning of drying; T3- manual harvesting and drying immediately after the harvesting.

The results of the sensory analysis showed that the pre-drying time of the fruits on the 
branches (T1 and T2) were not damaging to the drinking quality when compared to the 
samples submitted to the traditional drying (T3). Thus, these harvesting systems during the 
driest period may be favorable for allowing greater flexibility in the time arrangement of the 
harvesting and manpower, as well as a lower drying cost due to the shorter use of farmyards 
and dryers.

The water content in conilon coffee fruits presented a significant difference when introduced 

Figure 12. Drying curve of conilon coffee fruits on cement yard, in the 2013/14 harvest, in Ouro Preto 
do Oeste/RO.

Source: Unpublished research data.
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on the farmyard, with lower management values, whose pre-drying was carried out in the field 
(Table 5). Based on the drying curve of the conilon coffee fruits (Figure 12), it can be observed 
that the approximate time to reach the ideal drying humidity was 140 hours. So, drying in the 
field, in seven days reduced the time of this operation on the farmyard between 24 to 42 hours, 
without harming the sensory quality. Despite the favorable results, such practice is still not 
recommended because it is a preliminary analysis that requires the research work continuity.

It should be pointed out that, up to now, the stationary machines with canvas are more 
adapted to the characteristics of traditional crops in the productive regions. Therefore, they 
have been preferred by coffee grower who use semi-mechanical systems.

5.2 AUTOMOTIVE HARVESTING SYSTEM

The harvesting with automotive machines requires greater changes in the implantation 
and management of the crop. Figure 13 illustrates the major adjustment points in traditional 
crops for the automotive harvesting. Plants with uneven heights make it difficult to regulate 
automotive machines, given the basic premise of association of good harvesting efficiency 
with minimum damage to the plants’ crown. In crops with plants of variable height, it would be 
necessary to adjust or change the height of the stickers or rods whenever there was variation 
making the harvesting with automotive machines not feasible. In practice, this characteristic 
causes the lower plants to have their crown damaged, while taller plants whose coffee fruits 
are higher are not properly strip harvested, since the height of stickers or rods is fixed. The ideal 
is to have a uniform height in the plant line for the rods and stickers adjustments at a suitable 
height so that they remove the fruits and do not damage the plants’ crown.

Regarding the heterogeneous maturation in the planting line, it is important to emphasize 
that, in general, the green fruits have a greater detachment force than the mature ones (see 
topic 4.2.3). Thus, when harvesting plants with a predominance of green fruits, the efficiency 
of the strip harvesting decreases in comparison with the harvesting of plants with ripe fruits, 
and so, requiring different adjustments. Starting the harvesting when the plants are in a more 
advanced stage of development (≥ 90% of the cherry, raisin and/or dry fruits) will increase the 
efficiency of the strip harvesting.

With respect to plants with multicaulis architecture, it has been verified that they significantly 
increase the ground losses with the use of automotive machines, since the plastic plates or 
the bulks do not properly seal the inferior part of the machines. Another important aspect is 
that the plants have a larger frontal area, which hinders the alignment and the entrance of the 
stems in the machine and, with this, there is more occurrence of lesions in the plants.

Regarding the stems damping off, it can be mentioned again that they make it difficult 
the alignment between machines and plants. Thus, the plants do not enter properly in the 
harvesting unit and, as a result, they are not efficiently strip harvested and can still be broken by 
the machines. The damping off happens due to a characteristic of the genetic material (clone 
or progeny) and/or the crop high productivity, whose stems tend to open in crops with three 
or more stems. 
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It is important to highlight that a good harvesting performance with automotive machines 
depends on the machine suitable regulation, as well as a design of crop implantation and 
continuous actions of plants conduction that favor mechanical harvesting, as Table 10 
summarizes.

For the use of automotive machines, it is possible to verify the possibility of reducing 
ground losses with a single main stem between 0.40 and 0.60 m of soil height and, from this, 
to conduct the sprouts always aligned to the planting direction (Figure 15). This improves the 
lower sealing of automotive machines and minimizes fruit losses on the ground, during the 
harvesting process.

Due to the difficulties of working with automotive machines in traditional crops and in 
the search for better technical rates, experimental test areas were prepared in partnership 
with companies and coffee growers to evaluate mechanical harvesting with automotive 
machines. The results were presented in previous topics. Thus, based on the conducted tests 
and performed, Table 11 suggested spacing Table 12, aiming at a better adaptation to the 

Figure 13. Illustration of a traditional crop, with uneven height plants in row (A); heterogeneous 
maturation in the same planting line (B); stems with multicaulis architecture below 0.40 m 
from the ground and inferior plates opening of the harvester (C); and damping off plants 
(D).

C D

A B
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mechanical management systems. However, there are no conclusive results of this research.

Table 10. Main technical actions recommended for the conilon coffee crop preparation for mechanical 
harvesting with automotive machines

Actions Objectives

Aligning the holes in the planting.
- Facilitating the entry of plants into the unit, reducing 
ground loss and preventing machine damages to plant 
stems.

Plant only one clone per line, alternating the clones 
planting order of the recommended cultivar.

- Standardizing the plants height, the fruits high on the 
plants and the fruits maturation.

Pruning the meristematic region (apex) between 0.20 
and 0.55 m, about 6 months after planting, when the 
plant is nearly 0.60 m high (Figures 14 and 15). After 
sprouting, select orthotropic branches aligned to the 
planting direction and close to the apical cut region.

- Standardizing the plants height, the fruits high on the 
plants, aligning the stems in the line and reducing the 
ground losses.

For crops in renovation process, make the pruning at 
0.60 m and conduct the sprout as described above.
Selecting sprouts to form a new crown and the periodic 
excess pruning.

- Maintaining plants architecture with stems aligned in 
the planting direction.

Source: Unpublished research data.

Table 11. Management systems under tests for mechanization of conilon coffee plantations

System Machine
Spacing (m) Number of stems 

per plantInterline Line

Traditional Manual 2,5 - 3,0 1,0 - 1,5 3 - 5

Semi-mechanical Ground harvester 3,2 - 3,5 0,8 - 1,0 2 - 3

Semi-mechanical Stationery threshing machines with canvas 2,8 - 3,5 0,8 - 1,0 3 - 5

Mechanical Automotive machines 3,0 - 3,5 0,5 - 0,6 1 - 2

dense Threshing machine 1,5 - 1,7 0,7 - 0,8 3 - 4 

Source: Prepared by the authors.

6 OPERATIONAL COSTS OF HARVESTING SYSTEMS
The type of fruit harvesting, manual or mechanical, significantly influences the cost 

structure of the coffee activity (LANNA; REIS, 2012). In the state of Espírito Santo, the harvesting 
represents 22 to 40% of the total production cost of conilon coffee (CEDAGRO, 2016; INCAPER, 
unpublished data) depending on the technological level and crop productivity. One of the 
concerns of coffee grower is regarding the availability of workers in the producing regions, 
generally insufficient to meet the demand for service. This generates speculation in the harvest 
prices and the need to collect malformed fruits, with lower yield in the processing reducing the 
profitability and the competitiveness of the coffee sector (LANNA; REIS, 2012).

In this aspect, the mechanical and semi-mechanical conilon coffee harvesting has the 
potential to reduce costs in relation to the manual. In works performed in mechanical harvesting 
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in arabica coffee crops, reductions in cost vary from 24 to 62% compared to manual harvesting 
(SILVA et al., 2003; OLIVEIRA et al., 2007a; SANTINATO et al., 2015).

The operational costs of three mechanical harvesting systems for conilon coffee were 
evaluated in the 2013/14 harvest in the north of Espírito Santo. Table 12 shows the percentage 
distribution of harvesting systems operational costs. The harvesters, in general, presented a 
variable cost superior to the fixed one. These results are consistent with those found by Oliveira 
et al. (2007a) and Santinato et al. (2015) for arabica coffee.

Figure 14. Crop prepared for harvesting with automotive machines: 3.5 x 0.5 m spacing and apical 
pruning at 0.20 m from the ground (detail of the rods aligned at the top right).

A CB

Figure 15. Six months old plants, with apical pruning at 0.55 m height (A); three year old plants receiving 
0.60 m in the 2014/15 crop (B); and aligned budding (C) being conducted in the 2015/16 
crop, in São Mateus/ES.
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Table 12. Percentage distribution of the operational costs of different mechanical harvesting systems in 
the 2013/14 harvest in the north region of Espírito Santo

Cost Items
Stationary threshing machine  

with canvas
Automotive machine 

with stickers
Automotive machine  

with rods
------------------------------------------------  %  -----------------------------------------------

Depreciation 23,31 39,67 39,95
Interest 0,71 1,21 1,22
Insurance rate 0,52 0,88 0,89
Hosting 
fee 0,26 0,44 0,44

Fixed cost 24,80 42,20 42,50
Fuel 14,44 6,14 7,83
Lubricant 1,73 1,54 1,23
Maintenance 25,90 44,08 44,39
Labor 33,13 6,04 4,05
Variable cost 75,20 57,80 57,50
Total cost 100,00 100,00 100,00

Source: Unpublished research data.

Note: Methodology: Balastreire (1987), Pacheco (2000) and Santinato et al. (2015).

The estimated manual harvesting cost for the 2013/14 crop in the north of Espírito Santo 
was R$15,30 bags-1 (80 L) with taxes, resulting in a cost per worker of R$244,80 a day-1, for an 
average harvesting by the workers who acted in the understudy area of 16 bags day-1. However, 
it is known that, depending on the region and the plants productivity, many workers harvest 
more than 20 bags per day-1.

The results indicate a reduction in the harvesting cost with the use of mechanical systems 
varying from 56 to 79% in relation to the manual harvesting, in the harvest of 2013/14, when 
the labor cost was considered high. In the following year, Gomes and Constatino (2015) found 
a reduction in the harvesting cost with the use of semi-mechanical systems for conilon (35 to 
41%), which was attributed to the greater offer and lower labor costs in the period. It is worth 
to point out that these evaluations were carried out under conditions of dissimilar crops, 
with different management, plant architecture and productivity, which do not allow average 
comparison between systems years, but only between the potential of reducing harvesting 
costs in mechanical systems in relation to the manual.

The allowed to realize that mechanical harvesting is not able to completely replace the 
need for labor, both in mechanical systems with automotive machines systems and in semi-
mechanical systems. In the case of automotive machines, due to the need for manual transfer, 
which represents the removal of the fruits that remain attached to the plant, while in semi-
mechanical systems, due to the necessity of strip harvesting on the canvas or because of the 
pruning and transport of the orthotropic branches to the  threshing machine looking for the 
plants removal for the crop renewal or the pruning of dense plantations.

In the case of automotive harvesting, the manual transfer may be gradually replaced 
by the mechanical harvesting, with the use of repetition of harvester operations increasing 
harvesting efficiency and minimizing the need for manual transfer, as also observed for 
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arabica coffee tree (SANTINATO et al. al., 2015). The transfer cost tends to increase as the 
efficiency of the strip harvesting is reduced. For this, the viability of repeated operations 
depends on the plants productive load, the maturation stage of the fruits, the machines 
availability (rented or own), the price of the bag and the damages caused to the plants (SILVA 
et al., 2010; SANTINATO et al., 2014, 2015).

The tests with automotive machines allowed to observe a reduction in the harvesting cost 
with increase of the movement speed, considering a constant harvesting efficiency, which 
corroborates other works results. (SILVA, F. M. et al., 2006; OLIVEIRA et al., 2007). However, in 
practice, harvesting efficiency tends to decrease with the increase of the speed (> 2.0 km h-1), 
being necessary specific machine adjustments for each field situation.

Finally, it should be highlighted that the market price of the processed coffee bag has 
a significant influence on the economic viability of the coffee infrastructure investment, 
being fundamental for the sector profitability and competitiveness. In order to maximize the 
economic efficiency of the agricultural activity, coffee growers must carry out a management 
that prioritizes cost management in order to better allocate the productive resources applied 
to coffee plantations (LANNA, REIS, 2012).

7 FUTURE IMPLICATIONS
Given the advantages of mechanical harvesting, an important issue of analyzing and 

working together refers to the proper management of machines and soil not to establish over 
the years a new potential problem in the region, due to the traffic of agricultural machinery, 
which is soil compaction.

This effect is caused by the stationary loads applied to the ground and dynamics resulting 
from the agricultural machinery vibration, wheel spinning, abrupt changes of direction and 
in acceleration/braking (HORN et al., 1995; ALAKUKKU et al., 2003). When the load applied 
to the soil exceeds its internal resistance, additional compaction happens with changes in 
the soil characteristics (HORN et al., 1995). The compaction increases the soil density and its 
mechanical resistance (HAMZA; ANDERSON, 2005; MATERECHERA, 2009) and decreases the 
pores volume, mainly macro-pores (SOUZA et al., 2012). Silva, AR et al. (2006) and Araújo-
Junior et al. (2008) observed structural soil changes associated with compaction caused 
by the traffic of agricultural machines in arabica coffee crops in the southern Minas Gerais. 
However, conilon coffee producing regions lacks related studies. The lower porosity and rate 
of water infiltration in the soil, resulting from the soil soil compressibility by the pressure 
imposed by the agricultural machinery traffic, increases the superficial runoff during rainy 
periods, which can increase the erosive process of the soil.

The main effects that soil compaction can cause to the agricultural crops are: failure or 
delay in the seedlings survival, reduced size of plants and beans, non-characteristic color of 
the leaves, superficial root system and roots malformation (BENGOUGH et al., 2006; SOUZA 
et al., 2014, 2015). Soil compaction reduces root system development and access to water 
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and nutrients (CHAN et al., 2006; COLLARES et al., 2008). This physical impediment to root 
development results in a lower root volume, concentrated on the superficial layer, which 
makes the plant more susceptible to summer. Thus, the lower root volume promoted by soil 
compaction might reduce conilon coffee productivity.

Compaction reduces the water infiltration in the soil and can intensify the erosive 
process by carrying fine particles, organic matter and nutrients in the eroded fluid. The 
main consequences are soil depletion, loss of productive potential and the rivers and lakes 
contamination, which can make coffee activity unsustainable in economic and environmental 
aspects.

Recent studies have used mathematical models to estimate the load carrying capacity of 
soils, quantifying the pressure levels that can be applied to avoid compaction from occurring 
(SILVA, A. R. et al., 2006; ARAÚJO-JÚNIOR, 2008, 2011). For this, the soil moisture evaluation 
is used, since the higher it is, the lower the internal resistance of the particles, which makes 
it more susceptible to the compressive process (SILVA, A. R. et al., 2006; SOUZA et al., 2012).

For this reason, monitoring soil compaction and physical quality are necessary actions 
in intensively mechanical areas in order to keep the soil as a favorable environment to the 
coffee tree root development and, thus, contribute to the crops longevity and the agricultural 
activity sustainability.

8 FINAL CONSIDERATIONS
The current scenario of Coffea canephora production in the Brazilian regions, characterized 

by insufficient labor availability, low operational yield, harvesting insecurity and high 
cost, converges to the expansion and intensification of agricultural mechanization in the 
production process, mainly in mechanical harvesting of the conilon coffee fruits. This will 
allow a greater guarantee of the harvesting, with greater speed and agility, with the strip 
harvesting of a greater ripe fruits proportion and a greater reduction in the production cost, 
which can improve the beverage quality and add value to the product in the domestic and 
international market, contributing to greater sustainability of the sector.

The mechanical harvesting will not be able to completely replace manual harvesting, 
even in areas with favorable topography, such as in northern Espírito Santo, southern Bahia 
and Rondônia, mainly due to the coffee grower interests, access to technologies, availability of 
financial resources and agricultural ability. So, new research has been carried out to allow the 
continuous evolution of mechanical harvesting systems, boosted by partnerships between 
public and private institutions and the coffee sector.
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