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Abstract
Precision agriculture (PA) is growing considerably in Brazil. However, there is a lack of information regarding to
PA adoption and use in the country. This study sought to: (i) investigate the perception of growers and service
dealership about PA technologies; (ii) identify constraints to PA adoption; (iii) obtain information that might be
useful to motivate producers and agronomists to use PA technologies in the crop production systems. A
web-based survey approach method was used to collect data from farmers and services dealership involved with
PA in several crop production regions of Brazil. We found that the growth of PA was linked to the agronomic and
economic gains observed in the field; however, in some situations, the producers still can not measure the real
PA impact in producer system. Economic aspects coupled with the difficulty to use of software and equipment
proportioned by the lack of technical training of field teams, may be the main factors limiting the PA expansion
in many producing regions of Brazil. Precision agriculture work carried out by dealership in Brazil is quite
recent. The most services offered is gridding soil sampling, field mapping for lime and fertilizer application at
variable rate. Many producers already have PA equipment loaded on their machines, but little explored, also
restricting to fertilizers and lime application. Looking at the currently existing technologies and services offered
by dealership, the PA use in Brazil could be better exploited, and therefore, a more rational use of non-renewable
resources.
Keywords: soybean, precision agriculture, maize, Brazilian agriculture
1. Introduction
Precision agriculture (PA) involves the development and adoption of some techniques to improve the
management of agricultural systems, aiming to optimize inputs applications such as fertilizers, pesticides, seeds
and irrigation resources to reduce inputs costs and maximize the crop production (Bora et al., 2012), besides to
reduce environmental impacts (Bramley et al., 2008). In several crop production Brazilian regions, PA has been
played an important role in crop production systems, mainly due to the technical and economic benefits that PA
provides over the years. Costa and Guilhoto (2011) stressed that the benefits of PA adoption, impacts directly on
social and economic benefits of Brazilian agricultural economy. However, the benefic effects of PA are more
restricted to large cropped areas, usually operated by major companies linked to crop production. Pierpaoli et al.
(2013) found that the size of cropped area is the most important parameter to farmers when they have to decide
to adopt PA, due to the higher possibility to increase income. Then, properties with large cropped area has more
potential to be capable to invest large amount of resources, time and learning in order to use PA technologies
compared to properties with small cropped area (Adrian et al., 2005).
Fertilizer optimization has been the major target to use PA in Brazil (Costa & Guilhoto, 2011). However, Bora et
al. (2012) showed that in North Dakota, farmers that adopted GPS systems or automatic steering observed
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reduction of fuel consumption and machine operation time. Besides the economical aspects, negative
environmental impacts arising should be reduced with PA adoption due to a more rational use of inputs in crop
production systems (Bramley et al., 2008). Australian farmer’s point of view about the low adoption of PA in
Australia relays on technology frustration and the lack of technical support in the field. They pointed out that
technology costs was not the overriding factor to PA adoption (Mandel et al., 2010). On the other hand, Batte and
Arnholt (2003) analyzed six farms in Ohio (US) that recently adopted PA technologies and the profitability was
the major factor that motivated farmers to adopt PA, although even not all farmers surveyed have observed the
global profitability linked to PA adoption. The farmers surveyed also pointed out that on-farm research, quality
information generated by PA to support decision and risk reduction in the environmental contamination were the
major concerns to adopt PA. More than a decade ago Swinton and Lowenberg-Deboer (2001) concluded that PA
adoption/expansion would increase slowly in area with high population and, in area with less cropland available
unless the environmental benefits would be very well reported.
Reichardt and Jürgens (2009) found in German conditions that some major issues related to PA adoption were
lack of technical support to PA tools and lack of knowledge to manage correctly the data to apply them correctly
in the crop production system. For German farmers, the systems incompatibility among several companies’
suppliers stills the major constraint to PA adoption. Batte and Arnhorld (2003) concluded that to increase PA
adoption, the development of more simple technologies is the most important contribution to support farmers in
the decision making process. In Alabama, farmers PA adoption is related to well establish farmers with large
cropped areas and more educated level (Adrian et al., 2005).
Precision agriculture adoption survey has been conducted over the years in United States. In 2011, 85% of the
respondents reported that they have been used at least one PA technology in the crop production system
(Whipker & Erickson, 2011, 2013). Similar results were found in the previous survey in the same region
(Whipker & Akridge, 2009). Although similarity among results was found regarding to PA technology use,
Whipker and Erickson (2013) found that the use of GPS guided systems with autocontrol/autosteer was the
major used over years. This fact emphasizes that implementation of new PA technologies is more suitable to be
embraced for farmers that already use any PA technology available. For instance, PA technology adoption by
new users has been increasing annually with 76 and 83% in 2007 and 2008 respectively (Whipker and Akridge
2007; 2008).
There is little information available regarding to PA adoption in Brazil. Silva et al. (2011) demonstrated that PA
adoption in sugarcane production increased sugarcane yield and quality, and also increased profitability to
farmers. On the point of view of sugarcane industry, the reduction in the environmental impact was the major
issue to take attention. The use of PA technologies will be essential to sustainability of Brazilian agribusiness and
mainly to achieve higher crop yield while reduce environmental impact (Silva et al., 2011). Precision technology
adoption use can affect directly the economy at regional and large scale (Costa & Guilhoto, 2013). A study that
evaluated scenarios such as i) increase in crop yield; ii) input reduction; iii) increase in crop yield and reduction
in inputs, and; iv) increase in crop yield and increase in inputs, concluded that the major impact was on increase
of crop yield, that impact directly in social benefits (employment raised) and economics benefits (increase of
income) to Brazilian economy (Costa & Guilhoto, 2013). The benefits of inputs reductions is solely to increase
farmers income and it is not reflect in economic benefits to the society; then, the benefits to the society must be
analyzed on the point of view of reduction to environmental impact (Costa & Guilhoto, 2013). Silva et al. (2007)
attempting to clarifying the costs of PA technology in order to increase the adoption by farmers, carried out a
comparative analysis of the costs and economic profitability involved in implementing PA and conventional
farming practices in the state of Mato Grosso do Sul. Even though PA presented higher effective operational cost
comparing to traditional agriculture due to technical assistance, maintenance of sophisticated equipment, yield
and soil mapping, for example, the unitary cost (i.e., the cost per kilogram) in the precision agriculture system
was lower than the cost in the tradictional system.
The benefits of PA adoption are widely known and transferred to agricultural systems. Although crop yield is one
the major factor that impact PA adoption in some cases, is important to scientist to understand how the
perception of farmers and agronomists about PA are in the crop production systems. Research with farmers,
agronomists and users about their perceptions of PA technologies are limited in Brazil and there is a gap of
information and knowledge that must be filled. Then, our study sought to investigate the perception of growers
and service dealership about PA technologies and to identify constraints to PA adoption and also to obtain
information that might be useful to motivate producers and agronomists to use PA technologies in the crop
production systems.
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2. Method
A web-based survey was used to collect data from farmers and services dealership involved with precision
agriculture in several crop production regions of Brazil. Survey used was similar found in Silva et al. (2011) to
evaluate PA adoption in Sao Paulo State (Brazil) to sugarcane production system.
We previously identified users of PA technologies to obtain their perceptions and support needed and followed
the same approach of Diekmann and Batte (2010) adjusted for Brazilian conditions. After this process, we
develop a web-based survey to obtain information from two groups: 1) farmers that use AP technology, and; 2)
professionals and companies that are technical support providers or farmer consultants. The division in two
groups was the same approach used by Reichardt and Jürgens (2009). Web-based survey was developed based on
the same approach in Whipker and Akridge (2009) adapted to Brazilian conditions. Both web-based surveyes
were accessed by respondents with the follow links: https://sites.google.com/site/agriculturadeprecisaotocantins/
which was developed to farmers to answer it; https://docs.google.com/spreadsheet/viewform?formkey=dG9UUG
51WEhtTVZQSXJCR0ZNTVRna3c6MQ to be answered by professionals and companies that are technical
support providers or farmer consultants. The sampling frame used to select the respondents was lists of
individuals from Precision Agriculture Network coordinated by Embrapa (Brazilian Agricultural Research
Corporation) and stakeholders, machinery companies’ technical representatives and crop production sales
personnel. Similar approach to sampling respondents was used to Larson et al. (2008) and Dieckman and Batte
(2010). For each group separately an e-mail was sent them explaining the survey goals and the respective link to
the web-survey. Based on prior published data that involved survey (mail or web), we expected about one third
of the invited to respond the web-survey (Larson et al., 2008; Dieckman & Batte, 2010).
2.1 Web-Survey to Farmers
The survey included questions about respondent’s as follow: year started PA in the farm; total area used with PA
considering lime and fertilizers application with variable rate; use PA in the decision making process for crop
and soil management; soil sampling using grid or GPS; soil sampling grid size; soil sampling in soil layers; how
PA is adopted in the farm (own equipment or contract the service); list of PA equipment’s used in the farm;
farming operation used as variable rate application (VRA); observations related to PA use (e.g. crop production
cost reduction); problems found regarding to equipment’s maintenance and software support; PA technical
support; investments; observations in increase crop yield; constraints to adopt PA at farm and regional scale.
2.2 Web-Survey to Professionals and Companies that Are Technical Support Providers or Farmer Consultants
The survey included the following questions: major company activity; how long the company is on the PA
market; average size of the farms assisted; PA market grow since started to work with PA; total area in hectares
the service dealership assist; PA area in the farms assisted; service most required by farmers; average soil
sampling grid size; percent of PA service in the company income; PA impact on crop production reduction costs
to assisted farmers; PA equipment’s available to be used in the farmers that are assisted; company grow
expectation in the next years; expectations to increase PA adoption at regional scale and the constraints observed
and found to consolidate PA as crop and soil management practice to increase nutrient use efficiency.
2.3 Data Analysis
Primary data obtained from the web-survey were analyzed considering percentages of questions answered (Silva
et al., 2011). A total of 250 e-mails were sent to farmers and 10% were answered from several states such as
Goiás (GO), Rio Grande do Sul (RS), Paraná (PR), Maranhão (MA) and Tocantins (TO). Although returned
answers was relatively low, it was similar that was found in similar studies with survey research (Whipker &
Akridge, 2009; Holland et al., 2013; Watcharaanantapong et al., 2014; Whipker & Erickson, 2013). The answer
from professionals and companies that are technical support providers or farmer consultants reached a large
number of crop production region. The respondent companies were from states of São Paulo (SP), Mato Grosso
(MT), Bahia (BA), Paraná (PR) and Rio Grande do Sul (RS). Answers from companies were from several
regions of Brazil despite the company headquarter was located in one of the listed states above, giving more
accurate results.
3. Results and Discussion
3.1 Vision of Farmers that Are PA Users
Analyzing farmer respondents we identified that soybean and maize are the most common crops that PA is used
(Table 1). Both crops represent the major Brazilian commodities. Silva et al. (2007) already demonstrated that
PA technology may guarantee higher production, decreasing the unitary cost and, consequently, making the
system more rewarding on a long-term basis for soybean and maize. On the other hand, the adoption of PA
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technologiies by farmerss in area smalller than 200 hhectares were found in crops such as cottton, pasture, beans,
sugarcane,, wheat and cooffee (Table 1).. It is importannt to highlight that large prodducers of cottoon or sugarcane
e, for
example, were not conntemplated inn this study. Silva et al. (2011) investtigating the P
PA adoption from
sugar-ethaanol companiess figured out aan area cultivaated with sugaarcane, using P
PA technologyy, much larger than
those givenn for this crop.
Precision aagriculture in Brazil is relatiively recent w
were 67% of thhe respondents stated that aree PA users betw
ween
two and five years (Figuure 1a) and aboout 20% of thee farmers respoondents are PA
A users for morre than eight years.
y
Maybe forr PA is recentlyy widely adoptted, farmers doo not realize thhe technology cost-benefit, w
with more than
n half
of responddents use less than
t
2,000 ha with PA (Figuure 1b). Accorrding to Brazillian official staatistics, areas up
u to
2,000 ha represent over 99% of the nuumber of Braziilian farms, whhich represent about 57.2% of farmland (IIncra,
2012). Forrty-four percennt of the responndents use morre than 2,000 hha with precisiion agriculturee technology. These
T
data suggeest that technoology adoptionn is mainly w
with larger prodducers, similaar with reporteed by Adrian et al.
(2005). Am
mong the farm
mers who alreeady are PA uusers, about 677 percent of rrespondents annswered they have
designed thhe whole farm
m area with som
me PA technoloogy (data not sshowed).
Table 1. Crops and area used for precission agriculturre in both surveyed farms and web-based ssurvey
Cropss
Soybeean
Maizee
Cottonn
Pasturre
Beanss
Sugarrcane
Wheaat
Coffeee

Arrea (ha)
Less than 200

200 too 500

500 too 800

800 tto 1000

Moore than 1,000

0%
22%
78%
56%
67%
78%
67%
78%

22%
22%
0%
0%
11%
0%
11%
0%

11%
0%
0%
11%
0%
0%
0%
0%

0%
0%
0%
0%
0%
0%
0%
0%

67%
%
56%
%
22%
%
33%
%
22%
%
22%
%
22%
%
22%
%

Between six and eight years

44%

Over 22,000 hectares

22%
%

Morre than eight years

222%

1,000 to 22,000 hectares

0%

11%

500 to 11,000 hectares
67%

Between tw
two and five years

222%

200 too 500 hectares
L
Less than one year

11%

1%

Undeer 200 hectares

(a)

(bb)

Frequency distribution of (a)) years of PA aadoption in thee farm, and (b)) PA area adoptted in the farm
m (b).
Figure 1. F
Data froom questionnaiires in the cropp season 2011//12
mong
All the surrvey respondeents collect soiil samples usinng grid (Figurre 2a), represennting the majoor tool used am
the PA techhnologies avaiilable, althoughh not all dealeership offer thiss service. The cost related too soil sampling
g grid
and analyssis remains rellatively high, rresulting in soiil sampling griid over five heectares and moostly to soil ferrtility
evaluationn at 0-20 topsoiil layer.
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0%
56%

Other parameterss
22%

More thann 5 hectares

33%

3 hectares

44%

Soil sampling by
management zonee

22%

2 hectares
1 hectare

Soil sam
mpling based on soill
types

566%

5 hectares

56%

Soil samppling stratified (soill
layers)

11%

(a)

67%

(b)

Figure 2. S
Soil sampling grid size used by farmers (a)), and parametters for georefeerenced soil saampling in add
dition
to thhe grid size (b)). Data from qquestionnaires iin the crop seaason 2011/12
mers also carrieed soil samplinng in soil layeers (67%); how
wever, managem
ment zones annd soil type are
e less
Some farm
used (Figuure 2b). Braziilian soils are highly weathhering, for whhich a soil sam
mple in layerss below 20 cm
m are
performedd mainly by faarmers with hiigher input, with the objectiive to apply liime or gypsum
m to achieve better
b
yields and to prevent yieeld loss due to drought.
PA service hass been provideed by technicaal support provviders or comppanies; however, it was obse
erved
Basically P
that farmerrs are increasinng PA. Total aanswers about this topic, 33%
% stated that alll PA service (ssoil sampling, field
mapping, rresults interpreetation and reccommendationn) was carried out by dealersship; although 45% informed
d that
technical ssupport compaanies are respoonsible to soill sampling andd field mappinng, and the reesults interpretation
and recom
mmendation aree organized byy farmer’s technnical team (Figgure 3).

Have specializeed staff in the farm, iincluding machineryy and
equipmennt, and not depend onn service providers

11%

Dealershipp providers only mapps generation, but thee
equipment andd interpretation of ressults is carried out byy the
farm team
m

45%

All PA service is done by ddealership, using my own
equipm
ments

11%

33%

All PA servicce is done by dealersship since I not havee any
equipmennt

Figuure 3. Precisionn agriculture teechnical suppoort. Data from qquestionnairess in the crop seeason 2011/12
A), without sppecifying whicch one (fertilizzer, lime, pesticides
Regardingg the use of vaariable rate appplication (VRA
or seedingg), 44% of farm
mers surveyedd used in more than 2,000 heectares for thiss service (Figuure 4a). About 22%
of responddents had plannned between 1,000 and 2,0000 ha and bettween 200 andd 500 ha. Theese data are sim
milar
with thosee found for thhe areas desiggned for PA oon farms (Figgure 1b). Such informationn suggests tha
at the
incorporattion of new areeas by the PA uusers is througgh the VRA seervice. Therefoore, PA technollogy of VRA along
a
with soil sampling represents the majoor services adopted in Brazil..
All PA users adopt conntroller in soil amendment ppractices, folloowed by appliication of fertiilizers (Figure 4b).
Variable seeding rates iss the least signnificant servicce in its categoory. In order tto performing VRA, farmerss had
been usingg several equippment’s to ancillary them. M
Manual control systems (lightt bar) were thee most popularr type
of guidancce system (Fiigure 5). In thhe USA surveey, GPS guidaance systems for custom aapplication sho
owed
considerabble advancemeents in PA techhnology. In past surveys, thee use of manuaal control system increased, until
the 2009 ssurvey when thheir popularityy reached its ppeak (Whipker & Akridge, 22009). Automaatic control sysstems
(autosteer)) showed trendding upwards in recent survveys, represennting nowadays 47.5% of thhe guidance sy
ystem
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technologyy (Holland et al.,
a 2013). In oour results, wee noticed manyy farmers empploying both syystems (likely each
machine hhas different syystems), althouugh manual conntrol systems sstill are more ccommon use (F
Figure 5).

44%
%

Morre than 2,000 hectaares
Betw
ween 1,000 and 2,0000
hectares

Applicaation of pesticides
(fungicidees and insecticides))

56%

22%
44%

Seedingg

Beetween 500 and 1,0000
hectares

11%
%

Between 200 and 500 hectaares

Soil am
mendment (lime andd
gypsum)

1%

L
Less than 200 hectaares

89%

Appllication of fertilizerr

22%

(a)

100%

(b)

ation
Figure 4. Area designedd to variable raate applicationn (a), and type oof operation thhat uses variabble rate applica
in the farm (bb). Data from questionnairess answered by farmers in thee crop season 22011/12

89%

GPS guidancee w/ manual control/llight bar
556%

GPS guidannce w/ auto control/aautosteer
Satellite/aerial iimagery

22%

Soil elecctrical conductivity m
mapping

22%
556%

Yield maps w
with GIS
22%

Teelemetry
GPS to manage loggistics of vehicle, maachinery
andd implements
Soil sensors forr mapping (example: pH soil
sensor, chlorrophyll/greenness sennsor)

44%
22%
22%

O
On-the-go sensors (crrop circle, greenseekker, etc.)

Figure 5. Which precision technology have you bbeen used in the field. Data frrom questionnnaires in the cro
op
season 2011/12
After the ccontrol system
m, yield maps w
were the most uused precisionn technologies (Figure 5). GP
PS for logisticss also
had been uused for almost 50% of the P
PA adopters. Teelemetry for field-to-home office communications was one of
the biggest increases obsserved for the USA 2013 surrvey reaching 15.2% (Hollannd et al., 2013), which was much
m
less than oobserved in Brrazilian surveyy. Although farrmers observed a cost reducction in the croop production costs
due to PA
A adoption, most
m
of farmers did not knoow in which ssituations PA had been imppacted in the crop
productionn costs (Table 2).
2 Most of resspondents wouuld not be ablee to determine or measure thee real impact in
i the
cost produuction reductioon consideringg lime, fertilizer and herbiciide applicationn or maintenannce and consu
ulting
with softw
ware and equippment (Table 22). This inform
mation is corrooborated with ddata showed inn Figure 6a, where
w
only one thhird of responddents informedd that observedd increase in ccrop yield was lower than 5%
% after PA adop
ption.
More thann 22% of resppondents confirrmed that the increase in crrop yield rangged from 6 to 10% and in equal
e
proportionn the crop yieldd observed waas over 40%. F
Farmers that ddid not observeed increase onn crop yield an
nd do
not know tthe real econom
mic benefits oof PA adoption,, usually optedd to invest in m
machinery and equipment (Figure
6a).
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Table 2. C
Crop production reduction coosts due to preecision agricullture adoption.. Data from quuestionnaires in the
crop seasoon 2011/12

Less than 10%
10 to 20%
%
20 to 30%
%
More thann 30%
Do not know

Lime appliccation

Fertiliizer
appliccation

Herbicides
application

Maintenannce and consultin
ng
with softw
ware and equipm
ment

22
22
12
0
44

34
22
0
0
44

44
0
0
0
56

33
0
0
0
67

22%

More thhan 40%

More than 75% of previous year'ss
iincome

11%

Between 21 aand 40%

11%

Between 51 aand 75% of previouss
yeaar's income

0%

11%

Between 26 aand 50% of previouss
yeaar's income

0%

Between 7 aand 20%

Between 11 aand 25% of previouss
yeaar's income

22%

Between 6 aand 10%

Less than 100% of previous year'ss
income

33%
%

Less thhan a 5%

11%
56%
%
222%

No innvestment is plannedd

(a)

(b)

Crop yield obsserved due to P
PA adoption (aa), and investm
ments in precisiion technologyy for the next years
y
Figure 6. C
(b). Daata from questiionnaires answ
wered by farmeers in the crop season 2011/112
% of the farmerrs answered thhat they will in
nvest
Accordingg to investmennts expectationns for the furthher years, 56%
less than 110% of the grooss income passt year-based iin PA. On the other hand, 222% answered tthat no investm
ments
in PA weree planned for the next grow
wing season. R
Results showedd PA can increaase crop yieldd from respond
dent’s
perspectivve; however, ecconomic balannce needs to bee clarified to ffarmers becausse it was not clear to respond
dents
if PA adopption in fact is more profitablle. Silva et al. (2007) showed that in maizee and soybeann crops in Brazil the
unitary efffective cost waas lower with use of PA techhnologies; how
wever, we havve to point out that many farrmers
do not maake a detailed description
d
annd control in thheir productionn costs, makinng dificult to realize the fina
ancial
benefits off PA. Based onn this scenario, adding cost oof production oof each growinng season intoo account make
es PA
adoption vvery susceptibble to commoddities market. Then, farmerrs’ decision too adopt PA rellayed on costss and
economic balance at shoort term. For most respondeent’s, to continnue or to inveest in PA is hiighly dependent of
commoditiies prices for the
t next growinng season.
There werre limitations to increase PA
A adoption annd respondent’’s disagreed thhat PA costs aare higher than
n the
benefits obbserved (Tablee 3), even theey could not m
measure a reduuction in the pproduction cost (Table 2) itt was
possible too see benefitss with PA adooption. Farmeer’s respondennt also disagreeed that there are constrain
nts to
increase P
PA use in agriiculture such aas topographyy, soil type; thhey also stresssed out that ttiming from gather
informatioon and maps generation
g
is rrelatively shorrt and acceptaable to decisioon making proocess in a growing
season. Annother very im
mportant pointt raised from tthe results waas that the amoount of inform
mation regardin
ng to
new produucts, technologgies and traininng for field team
m to use PA teechnology still need to be im
mproved.
The comppanies providinng PA servicee have showedd good relationships with pproducers, suppplying inform
mation
such as coosts managemeent and benefitts with the PA
A adoption. Hoowever, analyzzing the limitattions (Table 3)), the
farmers aggree that this service generrates a securitty recommenddations, althouugh the produccers did not know
k
quantify (F
Figure 6a). Faarmers also repported that PA
A cost is still hiigh, especiallyy in the acquissition of equipment
and softwaare, but the am
mounts chargedd are not excessive and are coonsistent with the technologyy.
For produucer’s perspective, nowadayys equipment and softwaree used in the PA are barrieers to growth
h and
investmennt in technologgy. The incom
mpatibility bettween differennt equipment and hardwaree device (e.g. data
formats, innformation shaaring) has lim
mited the use; R
Reichardt andd Jürgens (20009) reported siimilar obstacle
es. In
addition, thhe manuals aree quite compleex and lack of training of field teams, togetther with the laack of skilled labor
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trained to operate machines and equipment with embedded PA systems, contribute for low investment in PA or
new users over the years.
Regarding to service provides, farmer’s respondents agree that it is too difficult to keep updated with constant
new technologies in PA, since dealership provides the PA service or the option to purchase of machinery, but did
provide free technology upgrades. Furthermore, respondents also agree that data collection can suffer climatic or
operational interference that were not fully corrected by software, thus compromising data accuracy and
therefore the recommendation. The lack of PA monitoring for dealerships related in updating and maintenance of
software and equipment, training and technical accompaniments, make the field teams remain limited on proper
handling of equipment. Pieces for timely replacement are also important obstacles.
Table 3. Limitations that constraint PA adoption to increase responded from farmers from several Brazilian
regions in the crop season 2011/2012. Values in percent (%) calculated from answers signed in each specific item
Limitations

1

2

3

4

PA costs to producers are higher than the benefits observed

22

45

0

11

5
22

Soil type in the field reduce PA profitability

56

11

0

11

22

Field topography limit PA use

67

11

0

11

11

Long time between gathering information and map processing for decision making process

45

11

11

22

11

Confidence on the recommendations based on field division grid-based

12

0

33

33

22

Benefits of PA adoption in the own business

11

0

33

45

11

Values applied in PA are not excessive and are coherent with technology applied

0

22

22

45

11

Constraint to find qualified personnel to handling equipment

11

11

33

33

11

High costs software and equipment acquisition

11

0

33

45

11

Constraint to convince the profitability increase with PA adoption

33

22

0

33

11

High costs with personnel

11

11

11

56

11

PA equipments are very changeable and the costs are high

11

11

11

56

11

Incompatibility between different software’s in the market

0

33

11

45

11

Incompatibility between different software’s and research-based recommendations

0

33

22

33

11

Equipment and software with very complex manuals to understand

11

11

22

45

11

Constraint to personnel training and support to handling software and equipments

0

22

33

33

11

There are software and equipment’s that are not accurate to use in PA

0

11

22

56

11

Data gathering with interferences (climatic, operational, etc.) that makes difficult the results
accuracy

11

22

22

33

11

Incompatibility between equipment and technologies constraint the ability to offer new
products and services to clients

0

22

22

45

11

Companies do not offer software maintenance

0

33

22

33

11

Companies do not make available software update and/or new free updates via internet

0

33

11

45

11

Little information regarding to new products/technologies in PA

0

45

11

33

11

My team do not receive training about the correct use of software/equipment

11

45

11

22

11

No costumer service response regarding to complaint about use and maintenance product

22

33

11

22

11

Constraint to find replacement parts for my equipment’s

11

22

22

33

11

Companies do not give cost management and benefits to market access

11

22

11

22

33

There is none tool available in the market at the same PA level to decision making process and
planning for inputs acquisition and use

0

11

22

45

22

Note. 1: Completely disagree; 2: Partially disagree; 3: Fully agree; 4: Partially agree; 5: Not agree/not disagree.
Although more than half want to invest less than 10% of the previous year’s income (Figure 6b) in PA tools,
hindering great adhesion to PA technologies and still be many limitations to overcome (Table 3), farmers expect
improvements in some precision agriculture technologies, or new PA technology options (Figure 7). Farmers
have great expectation arising new tools for recommendation and application of fertilizer and lime. In the same
scale of expectations (78%), an integrated interpretation considering data analysis in different database is
expected. With a lower frequency of responses, but expected still with 67 percent, the variable rate seeding,
96

jas.ccsenet.org

Journal of A
Agricultural Sciience

Vol. 8, No. 11; 2016

increase inn technologiess of automaticc applicationss, and sensors for applicatioon of variablee rates, where
e this
technologyy can perform controlled appplications incluuding formulatted fertilizers.

67%
%

Variable raate seeding
New tools for recommendation andd controller
of fertilizeer and soil amendm
ment

78%

Data anaalysis from differennt bases for
inntegrated interpretaation

78%

Further developping in automatic appplications
technologies

67%
%

Machinery andd implements fittedd with GPS
for pprecision applicationn

56%

Sensors for fertillizer variable rate aapplication,
incluuding formulations

67%
%

Other teechnologies (nanoteechnology,
pprecision irrigation etc)

56%

Figure 7. Expectationn of new usefuul precision technologies for yyour agribusinness. Data from
m questionnaires
answeered by farmerrs in the crop sseason 2011/122
3.2 Vision of Professionaals and Compaanies that Provvides Technicaal Support
Before of ttwenty-first ceentury, the diffficulty in accesss to knowledgge about PA technology and especially, the
e cost
of purchasse new equipm
ment or tools has contributeed to prevent the growth off PA. The advvent of dealersships,
particularly in mechanizzation and agrricultural automation segmeents, offering tthe technologyy already avaiilable
embeddedd in machineryy and outsourcing of PA secttor by technicaality companiees provided grreat leap in the
e use
and dissem
mination of thee benefits of P
PA in Braziliann agriculture. T
This statement is corroboratted with Figurre 8a,
which show
ws the PA use in the regionss served by thee dealerships. 550 percent of respondents repported that the total
area of prooperties that employ
e
PA is bbetween 1,0000 and 2,000 heectares. On thee other hand, 25% of companies
assist farm
mers with area smaller than 200 hectares.
All dealership answeredd that the timee operation in the PA markett only from tw
wo to five yearr. This inform
mation
suggest thhe PA work caarried out by service providders companiees is relativelyy recent in Brrazil. Regardin
ng to
services offered, all com
mpanies mentiioned performiing georeferennced soil samppling and preppare maps for lime
and fertilizzer variable raate applicationns (Figure 8b). Holland et all. (2013) reporrted soil samplling with GPS
S was
the most popular use in
i the USA 22013 survey. Besides the aabove-mentionned service, hhalf of respon
nding
dealership also offering agronomic connsulting servicces, and only a quarter offerrs product for bbuying or tech
hnical
assistance for PA equipm
ment (Figure 8bb).

0%

More thhan 2,000 hectares
Betweenn 1,000 and 2,000
hectares

50%

Betweeen 500 and 1,000
hectares

100%

Soil samplinng with GPS
50%
%

Agronom
mic services
Sale and service of PA
equippment

0%

Betw
ween 200 and 500
hectares

25%

Field mappping for soil
correcttion and…

Less than 200 hectares

25%

Other activities

(a)

25%
100%
25%

(b)

main activities, more than onee answer (b). Data
D
Figure 8. Property size assisted by dealership (a) annd; company m
from
m questionnairres answered bby dealership iin the crop season 2011/12
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Costumerss have dedicateed between 200-40% of the tootal cropland tto use with PA
A (Figure 9). Thhe other half of
o the
costumers is divided am
mong those whho use less thaan 20% of thee area and bettween 40-60%
% of the area. Even
among thee producers who
w adopt the PA, the dealerrships reportedd that none annswered that iin the farm is used
more than 60% of the arrea with this teechnology. Ass reported by pproducers (Tabble 2), this fact may be related to
the difficuulty of skilledd labor, emplooyee training, cost to purchhase equipmennt and softwaare, incompatib
bility
among othhers. Thus, it can be noted that there is sstill great scoppe for PA expaansion, considdering that the area
increase w
with technologgy occurs maainly among the producerss who alreadyy employ som
me PA techno
ology
(Whipker and Erickson 2013).
2

M
More than 90% of tootal area

0%

Betweeen 60 and 90% of tootal area

0%
25%

Betweeen 40 and 60% of tootal area

50%
%

Betweeen 20 and 40% of tootal area
25%

L
Less than 20% of tootal area

Figure 9. Percentage off area that custoomers intendedd to PA. Data ffrom questionnnaires answereed by dealershiip in
the cropp season 2011//12
f dealershipss, the use of PA
A is restricted to the use of ssome technoloogies, far below
w the
Both for pproducers and for
potential tthat the PA caan offer. The m
most service ssought by cusstomers is the controller to lime and fertilizer
applicationn. Dealership reported that all its custom
mers have sougght the PA serrvice for lime VRA and 75% of
farmers stiill sought comp
mpanies to fertillizer VRA. Suuch percentage is higher that reported by H
Holland et al. (2
2013)
for Americcan farmers.
Grid size of soil sampling was quitee varied; howeever, 50% of tthe dealershipp responded thhat their custo
omers
choose to grids of 5 hectares (Figuree 10a), corroboorating with pproducers response (Figure 22a). For the re
ecent
America P
PA survey, thee most commoon was the griid sample betw
ween 1 and 2 hectares in siize (Holland et
e al.,
2013). Thhe smallest griid requested bby producers tto the compannies was to 2 hectares (25%
% of responde
ents),
although thhe dealership also
a offer grid size of 1 hectaare. Due to higgh cost to densser sampling, m
map generation
n and
variable raate applicationn, producers oppt for larger ggrid sizes in orrder to minimize costs, evenn though there
e is a
direct relattionship betweeen the grid sizze and the cropland variability, which mayy affect the am
mount and accu
uracy
of the fertiilizers applicattion.

More tthan 5 hectares

0%

50%

Soil samplinng based on soil
ttypes

50%

50%

5 hectares
3 hectares

225%

2 hectares

2
25%

1 hectare

Soil samplinng stratified (soil
laayers)

Sooil sampling by
maanagement zones

0%

255%

0%

O
Other parameters

(a)

(b)

mpling (b). Da
ata
Figure 110. Soil sample grid size (a) and; other parrameters for peerform georefeerenced soil sam
from
m questionnairres answered bby dealership iin the crop season 2011/12
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In additionn to the samplling grid, deallerships often offer soil sam
mpling georeferrenced taking into account other
parameterss (Figure 10b). In this analyssis, 50 percentt of survey resppondents reporrted that perfoorm soil sample
es by
layer (0-200 and 20-40 cm
m) consideringg the different ttypes of soils oon properties. Only 25% of ddealership reported
that they pperform georeeferenced soil sampling takiing into considderation of maanagement zones. Holland et al.
(2013) repported 54% off dealership ooffered sampling following a grid patternn and 35% offfered samplin
ng by
managemeent zone. By thhe currently exxisting technollogies in Braziilian producingg regions, the uuse of management
zones for decision makking process iis still little eexplored by bboth dealershipp and produceers, showing great
potential ffor improvement of managem
ment more awaare of the soil aand inputs.
Survey showed farmers already have in their PA m
machines couplled equipmentt such as GPS
S, light bar, ha
arvest
monitors eetc.; however, they perform some PA workk with dealershhip. Companiees reported thaat the vast majjority
of produceers also have GPS with maanual control/liight bar guidaance system foor fertilizer annd lime application
(75%). Too a lesser extennt (25%), survvey respondennts reported thhat, in additionn to GPS, theyy also found in
n the
producer's machines equuipment like hharvest monitoor with GIS annd autopilot in order to guidde the operations of
mechanizeed land preparation and cultiivation in the fields. Even uusing some PA
A tool many prroducers do no
ot yet
have any P
PA equipment (25%), althouugh already peerform soil sam
mpling and lim
me and fertilizeers at variable rates
applicationn.
Farmers w
who already haave equipmentt in their machhines perform basically the llime and fertillizers VRA. Only a
small propportion of deaalership custom
mers perform application oof pesticides uusing the equippment availab
ble in
machineryy (25%). For thhese answers, it appears thatt the PA servicce offered by thhe dealership oon these custo
omers
is restricteed to soil sampling and field mapping for liime and fertilizzers at variablee rates applicaation.
Although the producerss did not know
w how to infoorm the actuall reduction inn production costs (Table 1)), the
service prooviders reporteed that three-qquarters of its customers achhieved a reducction in producction costs betw
ween
11 and 20%
% (Figure 11aa) and for the rest of this redduction was leess than 10%. This view by dealership ma
ay be
related to its marketing strategy to connvince new ussers to acquiree some service offered by coompanies (Tablle 3).
Concerninng to growth of
o the PA maarket (Figure 111b) the widee majority of companies repported an increase
between 6 and 10%.
Most comppanies alreadyy have, since beefore 2010, in their service llist the fertilizeers and lime appplication (Tab
ble 4),
having GP
PS navigation to perform thiis operation. H
However, manyy producers m
make this appliccation with its own
machineryy and employeees (Figure 3). Within this toopic applicatioon technology, the pesticide application service
at a variaable rate is still
s
very inciipient and is a place wheere businesses can grow, bbringing enorm
mous
environmeental benefits.

Moree than 50% of produuction
cost

0%

More thaan 40% per
yyear

Between 41 and 500% of
production cost

0%

Between 221 and 40%
per year

Between 21 and 400% of
production cost

0%

Between 111 and 20%
per year

Between 11 and 200% of
production cost
Less thann 10% of production cost

00%
25%
00%

Between 6 and 10%
perr year

775%

Less thhan 5% per
year

25%

(a)

75%
00%

(b)

r
of prrecision technoology that deallership observeed in their custtomers (a) and
d,
Figuree 11. Average reduction
growiing of PA markket (b). Data frrom questionnnaires answeredd by dealershipp in the crop seeason 2011/12
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Table 4. Products/services offered by companies that providing services and trends. Values in percentages
calculated from the responses marked on each item. Data from questionnaires answered by dealership in the crop
season 2011/12
Products/Services

Since 2010

Offer by 2011

Intend to offer

Soil samppling with GPS

78

0

0

Don’t know
22

Soil samppling for layer with GPS

33

11

11

45

Fertilizers

56

0

11

33

Lime

56

0

11

33

Pesticides

12

0

44

44

Variable rate application

Controller-driven (GPS) for application
Fertilizers

45

0

22

33

Lime

45

0

22

33

Pesticides

12

0

44

44

Yield maps

45

11

11

33

Yield monitor without GPS

11

11

33

45

Yield monitor with GPS

0

0

33

67

Softwares and equipments

11

11

22

56

Field maps: fertility, yield, monitoring of pests, diseases, weeds etc.

22

0

33

45

Recommendation of fertilizers, lime and pesticides through field maps

78

0

0

22

Sale / technical support for aerial images/satellite

22

0

33

45

Sales / technical support / rental

Controller for variable rate application, single nutrient

45

0

22

33

Controller for variable rate application, multiple nutrients

12

0

44

44

We can also notice that the PA branch companies focus their efforts on providing services rather than the sale or
rental of PA products. This may be related to the fact that large companies of machinery and equipment now
offer this technology at the moment of the machinery sale. This information can be a big opportunity for
companies offer a rental service to small farmers who plan to take PA technologies on their property, since they
do not need to purchase new machines with load technology. This is another option for service providers expand
its operations.
Dealership also responded one series of questions about the limitations for increasing the adhesion to PA
technologies. Although a small portion of farmers reported that they agreed that the producer cost was higher
than the benefits (Table 3), the vast majority of companies and service providers reported that totally disagree
that the costs are higher than the benefits (Table 5). This lower perception of farmers can be due to many of them
do not have a detailed control of the cost with and without application of PA tools.
Comparing the results from Table 3 and Table 5, we obserced similarity between the answers given by producers
and service providers. However, some points should be highlighted. For example, around 45% of farmers
respondent figured out benefits of PA adoption in the own business (Table 3). This percentage could be higher
according to the service providers’ vision, or even among those who realized this benefit it could be more
significant. Once the companies responded that 75% completely disagree that their customers who could have
benefits from PA technologies are already users. While 25 percent fully agree (Table 5).
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Table 5. Limitations that constraint PA adoption to increase responded from dealerships from several Brazilian
regions in the crop season 2011/2012. Values in percent (%) calculated from answers signed in each specific
item.
Limitations

1

2

3

4

5

PA costs to producers are higher than the benefits observed

75

25

0

0

0

Soil type in the field reduce PA profitability

50

50

0

0

0

Field topography limit PA use

75

25

0

0

0

Long time between gathering information and map processing for decision making process

0

50

0

25

25

Confidence on the recommendations based on field division grid-based

0

0

25

75

0

All customers who could have benefits with PA already are PA users

75

0

25

0

0

Values applied in PA are not excessive and are coherent with technology applied

0

50

50

0

0

Constraint to find qualified personnel to handling equipment

0

0

75

25

0

High costs software and equipment acquisition

0

25

50

25

0

Constraint to convince the profitability increase with PA adoption

25

25

25

25

0

High costs with personnel

0

25

50

25

0

PA equipments are very changeable and the costs are high

0

0

25

75

0

Incompatibility between different software’s in the market

0

25

50

25

0

Incompatibility between different software’s and research-based recommendations

0

50

25

25

0

Equipment and software with very complex manuals to understand

0

50

25

25

0

Constraint to personnel training and support to handling software and equipments

0

0

75

25

0

There are software and equipment’s that are not accurate to use in PA

0

50

25

25

0

Data gathering with interferences (climatic, operational, etc.) that makes difficult the results
accuracy

25

25

0

50

0

Incompatibility between equipment and technologies constraint the ability to offer new
products and services to clients

0

50

25

0

25

Companies do not offer software maintenance

25

25

25

25

0

Companies do not make available software update and/or new free updates via internet

25

50

25

0

0

New companies have difficult to introduce new PA products

0

25

50

25

0

Software companies offer training about the correct use of software/equipment

0

50

25

25

0

Software companies offer service response regarding to complaint about use and maintenance
product

25

25

0

50

0

Constraint to keep replacement parts for customers equipment’s

50

50

0

0

0

With PA tools the companies can plan inputs acquisition and use

0

25

75

0

0

There is negotiation on the costs of services provided to farmers

0

0

75

25

0

Note. 1: Completely disagree; 2: Partially disagree; 3: Fully agree; 4: Partially agree; 5: Not agree/not disagree.
A point that is worth emphasized is that according to the producers, one limitation is finding replacement spare
parts (Table 3). However, the service providers as a whole disagree with this statement, reporting not having
trouble keeping replacement parts in stock (Table 5).
Services providers companies were also surveyed about expectation of new PA technologies (Figure 12). In
general they showed lower expectations when compared with producers. However, it is noteworthy that a higher
expectation regarding to technologies for implementing the variable rate seeding. Such service also have been
reported in the last USA survey, being among the services that more is expected to grow by 2018 (Widmar &
Erickson, 2015).
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75%

V
Variable rate seedinng
New toolss for recommendatiion and controller oof
ffertilizer and soil am
mendment

25%

Data analyysis from different bases for integrateed
interpretatiion

50%

Furtheer developing in auttomatic applicationns
technologgies

25%

Machineery and implementss fitted with GPS foor
precision appllication

50%

Sensorss for fertilizer variaable rate applicationn,
including form
mulations

50%

Other technologiees

50%

Figure 122. Expectationn of new usefull precision techhnologies for ffuture. Data from questionnaaires answered
d by
farmers in thee crop season 22011/12
me (Figure 6bb), 50% of service
While moost farmers exppect to investt less than 10% of previouus year’s incom
provides rrespondents exxpect to reinveest between 11 and 25% off its profit. Thhe other half aare divided eq
qually
between thhose wishing too reinvest lesss than 10%, andd the more darring, those how
w expected to rreinvest their profit
p
in the rangge of 26-50%. This informaation suggests that service prroviders are m
more hopeful aabout the grow
wth of
PA activityy in Brazil, likeely managing to reach new uusers.
Results shhowed the com
mplexity of hoow PA has been used in Brrazil. Since faarmers and connsultants answ
wered
questionnaaire from a widde range Braziil region, it waas noted that PA is still recennt in Brazil, whhich means tha
at are
many opportunities to grow.
g
Based oon our results we observed that PA adopttion is a quite restrictive and PA
needs som
me adjustmentss to increase itts adoption in Brazil, even w
with knowledgge and benefitts that PA brings to
crop produuction system.. Precision agrriculture adopttion could be increased if thhe environmenntal benefits due to
PA adoptioon would be better
b
explained to user, besiides the economic benefits ((Swinton and L
Lowenberg-De
eboer
2001).
4. Conclussion
The growtth of precisionn agriculture iis due to the aagronomic andd economic gaains already kknown in the field;
f
however, iin some situations, the prodducers continuee not able to m
measure the reeal PA impact in its agribusiiness.
The inform
mation obtaineed, the econom
mic aspect, couupled with the ddifficulty in thhe use of softw
ware and equipment
proportionned by the lackk of technical ttraining of fielld teams, mayy be the main ffactors limitingg the PA expan
nsion
in many prroducing regioons of Brazil.
Precision aagriculture woork carried outt by dealershipp in Brazil is quite recent. T
The most servvices offered iss soil
sampling w
with grids betw
ween 2-5 hectaares in size, fieeld mapping foor lime and ferrtilizer applicattion at variable
e rate.
Many producers alreadyy have PA equuipment loadeed on their maachines, but liittle explored, also restrictin
ng to
fertilizers and lime appliication. Lookinng at the currently existing teechnologies annd services offfered by dealerrship,
the PA usee in Brazil coulld be better expploited, and thherefore, a morre rational use of non-renewaable resources.
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