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ABSTRACT

Internet of things, big data, data mining and
digitalization which are today’s most popular terms
of global technology, which are expected to have the
highest effect on agriculture in its 10" years of time.
Using these technologies in agriculture covers a
wide angle from precision farming applications to
decision support systems and connected agricultural
machinery to web-based decision support systems.
The digitalization of agriculture is getting wider all
around the world despite having some differences
between continentals and countries. Despite having
some problems like small and multi-part agricultural
areas, there have been significant steps in digitaliza-
tion of agriculture in Turkey. In this paper, readiness
of Turkey’s agriculture to digitalization and IoT de-
vices to be used on, characteristics and barriers for
adaptation, benefits of digitalization for Turkey’s ag-
riculture and available solutions in Turkey with an
example of a survey conducted with 7 big farmers on
the basis of using tractor tracking devices were ex-
plained.
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INTRODUCTION

Words like digitalization, communication, big
data, internet of things and block chain are the most
popular topics of today’s information technology
and science. Besides today’s world industry is more
complicated, the terms information and data mining
are becoming more important than ever before. At
the beginning of 90’s with the availability of internet
and having had a huge spread at the beginning of
2000’s, the speed of communication and data trans-
fer rates have reached higher speeds. Although hu-
man being has had a long way in automotive, health
and space, and taking in consideration of today’s 7.5
billion world population [1], that would be a wrong
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consideration to except agriculture from these tech-
nological developments. Although world wheat pro-
duction is 3.75 tons per hectare, this value should be
as much as 6.25 tons per hectare in 2050 when the
world population is expected to reach 9 billion [2].
This situation concludes that the raw material to feed
that much of people should be increased by 70%
higher than produced today.

Conventional agricultural production tech-
niques should be supported with different technolog-
ical solutions for making agricultural production
higher in yield, less in time consuming and grain loss
and in the end heading to solve hunger problem glob-
ally. The emergence of the problem for agricultural
production areas is more crucial than ever before.
However average farm area is 800 hectares in Aus-
tralia, 180 hectares in United States of America, it is
not enough to produce high quality and quantity ag-
ricultural products in continents like Europe with 17
hectares and Africa with 0.8 hectares of average
farm sizes.

One of the solutions to make agricultural pro-
duction higher not only in quality but also in quantity
is to use “Agriculture 4.0” techniques which could
be mentioned under the term of “Industry 4.0” that
has been an evolutionary term had a huge develop-
ment in core industry.

Digitalization in agriculture and agriculture
4.0. Agriculture 4.0 is a common term which is ex-
pected to penetrate all areas of agriculture soon and
covers precision farming techniques and devices,
machine to machine (M2M) connected devices and
agricultural devices and machines capable of internet
connection (IoT), agricultural software and decision
support systems (DSS).

Since developments in agricultural production
has begun at the beginning of the 19 century as Ag-
riculture 1.0, the developments had very low produc-
tivity capabilities at that time. Effective pesticides
and seeds were developed, and high productive ma-
chines were built with the Agriculture 2.0 which was
started in 1950’s. With the development of Agricul-
ture 3.0, availability of differential global position-
ing systems (DGPS) signal to be used not only for
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army forces but also for civilians has made it possi-
ble to use auto steering systems on tractors and com-
bine harvesters. Farm areas were able to be tracked
using satellite systems and visual analyses have ena-
bled variable rate applications, too. Also, telematics
solutions were developed for tracking agricultural
machinery and logistics.

Agriculture 4.0 has started a century in which
high technology and cheaper sensors, low-frequency
and cost-free connection technologies, cloud based
intelligent agricultural software and decision support
systems with big data analyse solutions are used.
With these technologies, decrease in production
loses, savings in agricultural inputs and optimization
in agricultural production are being expected.

According to a study where savings in agricul-
tural inputs and increase in yield were compared; it
was determined that 5% increase in savings is equal
to 1% increase in yield. When agricultural risks are
considered, it was expressed that using Agriculture
4.0 techniques are not only risk free but also have a
huge impact on yield increase, also it was deter-
mined that Agriculture 4.0 technology has a 2 month
return of investment time with a respect to yield in-
crease.

Readiness of Turkey’s Agriculture for Digi-
talization and Adaptation to IoT in Agriculture.
Agricultural mass production has been started with
the establishment of Republic of Turkey and after the
2" World War there has been a huge development
with the increase of agricultural machines. Parallel
to the developments in industry, not only in agricul-
tural production and machinery sector had been a de-
velopment but also in agricultural production rates,
technology use on agricultural machines, too.

Millions

In the last decade the population of Turkey has
reached to 80.7 million [3] with a 11% of increase,
agricultural farm area has reduced to 23.6 million
hectares with a 10.5% decrease (Figure 1) [4].
Whereas mean farm area is 17 hectares in Europe
and 180 hectares in United States of America, Tur-
key’s average farm area is far less than these coun-
tries with 6.4 hectares.

64.8% of Turkey’s farms have less than 5 hec-
tares of farm area and 59.9% of total farm areas are
divided into 3 parts so that makes a huge barrier for
investment of precision agricultural technologies to
Turkey’s farm since these technologies are effective
to use in large areas (Table 1) [S]. European Agricul-
tural Machinery Industry Association (CEMA) has
informed that the farmers who own more than 50
hectares of farm area have a big potential to invest
on precision agricultural technology such as internet
of things in agriculture, web, mobile and cloud soft-
ware [6]. Ongoing situation about Turkey’s farms
and agricultural areas could be turned into an ad-
vantage for Turkey’s farmers to by the use of IoT
technology since the purchasing prices are very low.

When Turkey’s tractor and machinery park is
investigated, it is found out that 92% of total 1.7 mil-
lion tractors [7] and 79% of total 17 thousand com-
bine harvesters are owned by the farmer [8] (Table
2). So that auto-tracking systems especially used on
tractors and precision farming technologies like
DGPS’ are all imported, this situation makes it very
difficult for Turkey’s farmers to pay for that kind of
technological equipment to be used in agricultural
production.
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FIGURE 1

Change of Total Farm Area in Turkey Based on Years

5690

FEB



© by PSP Volume 29 — No. 07A/2020 pages 5689-5695 Fresenius Environmental Bulletin

TABLE 1 cotton, corn, wheat, soy bean and citrus fruits and
Average Farm Area Size in Turkey [4] have a potential for using future’s agricultural tech-
Farm Size Number of o nologies like using IoT based tractor tracking tech-
(hectares) Farms ° nologies were investigated (Figure 2).
Total 3022127 100
<0.5 178006 5.89
0.5-0.9 290461 9.61 RESULTS AND DISCUSSION
1.0-1.9 539816 17.86
2.0-4.9 950840 31.46 It was found out from the surveys that the
5.0-9.9 560049 18.53 smallest farm area was 20 hectares and the biggest
10-19.9 327363 10.83 one was 1000 hectares (Table 3). There were at least
20-49.9 153685 5.09 3 tractors whereas at most 6 tractors on these farms
50-99.9 17429 0.58 and it was revealed that the number of the tractors in
100-249.9 4199 0.14 the farm were higher with the total farm area. The
250-499.9 222 0.01 smallest tractor power was 55 kW whereas the high-
>500 57 0.00 est one was 121 kW and the average tractor power
was between 66 to 132 kW for each farm (Table 4).
MATERIALS AND METHODS Tractor operators were hired people for these farms

which have less than 20 hectares of farm area. Also,
it was figured out that neither technological solution
nor tractor tracking systems were used on the tractors
in these farms and the machines that were used were
conventional ones with no technological device
equipped. It was found out that there was no evi-
dence for the record for downtime, maintenance, du-
ration of the operation and fuel consumption of trac-
tors. The farmers explained that there wasn’t any so-
lution for tractor tracking systems on the market and
the only technological development which is mostly

Turkey has 3.7 millions of farms and 28.8% of
which is 880 thousands of them have 914 thousand
tractors. That number of tractors covers 72% of total
tractor numbers except junk tractors number. Totally
77 thousands of farms which is 2% of total farm
number are using 6% of total tractors on shared ba-
sis.

For this research there have been seven meet-
ings done with the big farmers around Adana region,
where there are lots of big farms, which produces

TABLE 2
Tractor and Combine Harvester Park in Turkey Based on Ownership
Tractor Combine Harvester
Owned (%) Shared (%) Owned (%) Shared (%)
92 8 79 21
TABLE 3
The Production Size of Different Crops of the Farms Joined to the Survey
Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7
Corn 1000 ha 30 ha 20 ha 400 ha 10 ha 60 ha 330 ha
Cotton - 80 ha 50 ha - 150 ha - -
Wheat - 90 ha - - - -
Sunflower - 25 ha - - - -
Soybean - - - 40 ha 100 ha -
TABLE 4
Tractor Numbers and Power Size of the Farms Joined to the Survey
Farm 1 Farm 2 Farm 3 Farm 4 Farm 5 Farm 6 Farm 7
Tractor 1 112 81 101.5 84 69 110 195
Tractor 2 77 64 58.8 55 78.2 77 121.7
Tractor 3 74 70.8 62.4 70.6 92 70 81.8
Tractor 4 67 51.5 60.3 - 71.5 61 -
Tractor 5 - 70.8 37.3 - 58 - -
Tractor 6 - - 57.4 - - - -
Average Power 66 67.6 75.5 69.9 74.9 79.5 132.6
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FIGURE 2
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Distribution of the Farms That Surveys were Carried Out

found was auto-steering systems. Only one of these
farms that the surveys carried out had auto-tracking
system and the owner of the tractor was unhappy
with the price of this technology. The measurement
of the duration of the farm operation was impossible
especially for the farms which have more than four
tractors and the farmers reported for the need of that
kind of a measurement system.

To define out of the situation that the surveyed
farms, Turkey’s tractor park, tractor companies and
technological solutions were investigated. It was de-
termined that the distribution of Turkey’s tractor size
mostly depends on two brands which are Turk Trac-
tor with 48% and Massey Ferguson with 25% of Tur-
key’s tractor number (Figure 3) [9, 10]. On the other
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side, it was found out that the 54% of total tractors
age is 20 and over [9, 11] (Figure 4). This analyse
defines out two different situations about use of loT
technology on tractors which are;

e Turkey’s tractor park and the end-user tech-
nologies served by the brands which are active in
Turkey are not compatible with the Turkey’s old
tractor park so that, most of the tractors should be
renewed.

e The end-user technological solutions’
prices which are sold by tractor companies are so
high that, this situation makes the potential use of
IoT technology on tractors high since they are cheap

based on investment and operational costs.

TABLE 5
Comparison of Available Tractor Tracking Solutions Based on Technical Specifications and Usability

Internet of Things (IoT)

Tractor Company A Tractor Company B (AGRISENS, 2019)
Product A Product B
Product C
Product type By-product By-product Main product
pommunication  Gsm GSM LoRaWAN
Compatibility ISOBUS ISOBUS ISOBUS + Old Tractors
g’f)t;:i::rement Sensors already on tractor Only fuel consumption Selectable sensors
No battery
Battery No battery (uses vehicle power sup- 10 years battery life

(uses vehicle power supply)

ply)
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One of the comparisons of two different tractor
companies’ tractor tracking and data acquisition sys-
tems shown in Table 5. When these systems were
analyzed it was found out that, these systems are sold
as a support product based on sold tractors. On the
other side, it was investigated that tractor companies
tracking systems use GSM (global system for mobile
communications) technology which sets apart IoT
technology. GSM technologies are widely used in
urban areas whereas tractors are used in rural areas
which becomes a constraint for GSM based technol-
ogies. Setting up a GSM base station is not only ex-
pensive but also there needs to be have an approval
for being set up from local government whereas 1oT-
based systems uses communication protocols like
LoRaWAN which uses a low-power wide area net-
work (LPWAN) technology for which there is no
need for approval to set up of a gateway. That kind
of protocols uses sub-GHz frequencies which is free
for use and no need for permission. On the other side,
the solutions given by tractor companies are compat-
ible with CANBUS systems however not compatible
with old tractors which do not have CANBUS com-
munication ports. Despite this situation, loT-based
tractor tracking systems not only uses CANBUS pro-
tocol but also can be connected to the old tractors
which makes measurement of performance data such
as fuel consumption, travel speed possible. Tractor
companies’ systems are directly connected to the
tractor power line to get worked, however IoT based
ones do not need to be powered using tractors elec-
trical system. These systems work on their own bat-
tery and since communication systems uses sub-gi-
gahertz frequencies, so that their battery lasts up to
10 years of time [12].

CONCLUSIONS

With this study it was evaluated that Turkey’s
agriculture adoption to precision agriculture based
on using IoT technology has a big potential due to its
agricultural situation. Small and multiple part lands,
situation of agricultural machines, high average age
and low-tech tractors and farmers with low income
are the biggest constraints against for using high-
tech precision agricultural technology like path-
tracking auto steering systems, variable rate applica-
tion devices, autonomous tractors and so on. Since
IoT is becoming very popular in every area of pro-
duction and devices using this technology are cheap,
this technology has a huge potential to be used in
Turkish agriculture and agricultural machineries.
The survey that was done for analysing the potential
showed that, even in huge farms the average tractor
power is low, and the tractors do not have new tech-
nology for being adopted to high-tech precision ag-
riculture devices. Although the farmers were willing
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to use new technology, the budget that they can allo-
cate from income was very low, but they still wanted
to spend for using IoT devices for their machinery.
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