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Abstract: The estimation of agricultural yield is a challenging and
essential task for every farmer. Since the very old times,
agriculture has always been the most important means of
livelihood both in Turkey and all around the world. There are
many factors that directly affect the efficiency in agriculture such
as climatic features, use of water resources, proper and timely use
of pesticides and fertilizers. Computer-based systems are needed
to transform agriculture data into tangible information. Data
mining involves certain methods of obtaining or inferring
meaningful and otherwise-unknown information from the data.
With the increasing significance of precision agricultural
practices, farmers have become inclined to be engaged in a more
conscious strategy of agriculture. In this study, barley crop data
received from Izmir Menemen Provincial Directorate of
Agriculture was carefully organized and evaluated with the
classification algorithms in the SPSS Clementine software. CHAID
and CR&T algorithms were employed and major factors that affect
crop yield was defined. Based on these, a decision support system
has been developed for farmers to forecast both harvest season
and crop yield.

Arpa Verimi icin Karar Destek Araclarl. Menemen Ornegi - Tiirkiye

Anahtar Kelimeler
Karar Destek
Sistemleri,

Veri Madenciligi,
Karar agaci,

CHAID

algoritmasi,

CR&T algoritmasi,
Tarim

Ozet: Tarimsal verimin tahmini, her ciftci icin zorlu ve énemli bir
gorevdir. Tarim geg¢misten giiniimiize kadar hem Tirkiye hem de
biitiin diinyada bir¢ok insan i¢cin en o6nemli gecim kaynag
olmustur. iklimsel ézellikler, su kaynaklarinin kullanimi, tarimsal
ilaclar ve giibrelerin dogru ve zamaninda kullanilmasi gibi tarimin
etkinligini dogrudan etkileyen bir¢ok faktor vardir. Tarimsal
verileri anlaml bilgiye doniistiirme siirecinde bilgisayar destekli
sistemlere ihtiya¢ vardir. Veri madenciligi, verilerden anlamli ve
baska tiirli bilinmeyen bilgiler elde etmek veya c¢cikarmak icin
belirli yontemler igerir. Hassas tarim uygulamalarinin artan 6nemi
ile ciftciler daha bilingli bir tarim stratejisi ile mesgul olmaya
egimli hale geldi. Bu calismada, izmir Menemen Tarim il
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miudirliginden alinan Arpa irinin ekim verileri dikkatle
diizenlenmis ve SPSS Clementine yazilimindaki siniflandirma

algoritmalari

ile degerlendirilmistir.

CHAID ve CR & T

algoritmalar1 kullanilmis ve {iriin verimini etkileyen ana faktérler
tanimlanmistir. Buna dayanarak, ciftcilerin hem hasat mevsimini
hem de iiriin verimini tahmin etmeleri icin bir karar destek

sistemi gelistirilmistir.

*Sorumlu yazar: canan@cs.deu.edu.tr

1. Introduction

Today, studies in the field of agriculture
have gained higher significance. Rapid
growth that is prevalent in today’s world
population is one of the reasons for this
situation. Agricultural expansion and
development in the past forty years have
increased the quantity of food produced
and improved the quality of fresh food
available worldwide [1]. Despite this
ongoing expansion, inefficient
agricultural practices persist in many
parts of the world, because of a lack of
modern tools and technologies [2,3].
Agricultural resources should be used
properly to prevent the deprivation that
might be caused by the rapid population
growth and uneven consumption. [4].

Agriculture is an indispensable sector all
over the world because it plays a major
role in the contribution to the national
income and employment, direct and
indirect influence on export, raw
materials and capital supply to other
sectors, and the survival of the country's
population. The agriculture sector has
been out of the interest of the informatics
sector although it has undertaken very
important tasks in the economic and
social development of the countries.
Evidently, technological advancements in
agriculture will lead to improvements in
productivity.

To analyze the agricultural data,
interdisciplinary knowledge that
includes math, statistics, crop agronomy,
computer hardware and software is
needed. The agricultural raw data is
transformed by researchers into useful

information through data mining. Data
mining is the process of discovering
previously unknown and potentially
valuable patterns in large datasets [5].
Following the conversion of the data into
useful information by making use of data
mining techniques, computer-assisted
decision support systems are developed.
This allows farmers to make right
decisions and predictions in advance in
agriculture. The decision making process
for farmers proves that crop yield is
directly affected by the climatic
characteristics of the region, use of water
resources, proper and timely use of
pesticides and fertilizers [6].

In this paper, an attempt is made to show
how the integration of agricultural data
that includes barley yield and climate
conditions can be wuseful for the
optimization of harvesting time with data
mining. Data from Izmir-Menemen
Provincial Directorate of Agriculture and
[7] the Turkish State Meteorological
Service [8] were used. The data retrieved
on an annual basis relates to barley
product, and encompasses various
features pertaining to the product. The
CHAID and the C&R TREE data mining
algorithms were applied on SPSS
Clementine software in accordance with
the data used in the study. Furthermore,
a decision support system was developed
for farmers to track crop yield and
harvest season in advance. The outcomes
of the model should have many benefits
for optimum agricultural harvesting time
management and farming practices in
the future.
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The remainder of this paper is as follows.
Section 2 presents a brief review of
related work. Chapter 3 presents the data
in general terms and the data mining
studies conducted on the data. Chapter 4
explains the Decision Support System
developed. A discussion of our results
and conclusions is presented in Section 5.

2. Literature Review

Taechatanasat & Armstrong points out
that special data is required for creating
an agricultural decision support system
[6]. This study presents an overview of
the agricultural data required for
decision making in agriculture. In
addition, several important systems are
designed for collecting data, and they
provide ideas for development. Akin,
Yildirim & Cakan [9] presented that why
the decision support systems are not
used by poor farmers, contrary to large-
scale farms. Sustainability in agricultural
production and animal husbandry also
emphasized. The goal of the project is to
design a system that will boost the
efficiency of poor farmers by predicting
the risks, and to develop an easy-to-use
computer system to this end. Zhu, Zhang,
& Sun [10] points out that progress in
agriculture will only be through sensitive
farming practices. They developed the
GIS-based agriculture expert system.
This study also covers the data mining
and Web technologies that will apply to
the agricultural expert decision system.
Phoksawat & Mahmuddin [11] developed
an optimization model for the maximum
profit and to minimize the cost for
cultivating the plants. They developed a
decision support system that includes
the ontology-based knowledge and
multi-objective  optimization = model.
Raghuveer, Yogesh, & Shwetha stated
that it is quite significant to predict crop
yield in advance for market dynamics.
They present some of the techniques
such as k-means, the k-nearest neighbor,
and decision tree in the field of
agriculture [12]. Ramesh & Vardhan

pointed out that the problem of yield
forecast is a major problem that remains
unsolved [13]. Different data mining
techniques are employed to evaluate the
agriculture for estimating the future
years’ crop production. Their study
presents a brief analysis of crop yield
forecast  using  “Multiple  Linear
Regression (MLR)” technique and
“Density-Based Clustering” technique for
the selected region in East Godavari
district of Andhra Pradesh in India.

3- Algorithms and application

The purpose of this paper is to create a
decision support system that will be of
help for farmers in their agricultural
practices by means of defining the factors
that affect crop yield. The ultimate aim is
the modeling of various classification
algorithms on the data and the
observation of the results. This paper
intends to design and verify a
classification model through the usage of
decision trees. This section explains data
description, data pre-processing, and the
classification model creation using SPSS
Clementine software decision trees with
CHAID and CR&T algorithms. Together
with the results obtained from this
analysis, windows forms applications in
ASP.NET was designed on Visual Studio
2013. For this decision support system,
Microsoft SQL Server 2012 was used as
the database to record the information
about farmers and the application.
Finally, a decision support system was
developed for farmers to track crop yield
and harvest season in advance.

3.1 Data Description and Data Pre-
processing

Original data was obtained from the
[zmir Menemen Provincial Directorate of
Agriculture regarding Barley product’s
characteristics. The weather data
retrieved from the Meteorological
Service Department. In this first step we
performed the necessary data cleaning,
standardization, and correlation. Data
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cleaning techniques allow us to fill in
missing values, smooth noisy data,
identify outliers, and correct
inconsistencies in the data.

The barley product data covers the
amounts of barley crop yields of 1077
records over a 10-year period in
Menemen, Nazilli Karacabey and its
content is as follows: Variety of barley
product, planting date, harvest date,
yield, weight in hectoliter, weight by
1000 grams, protein ratio, sieve fraction,
earing span, length, location. The
weather data of a 10-year period
presented in the form of monthly totals
covers the following content: monthly
total of solar heat, monthly average of
humidity, monthly average of wind
speed, monthly average of temperature,
and monthly total of rainfall. These two
types of data were combined and formed
as a new set to record all the data. In
other words, we generated a data matrix
O with the dimensions of 1077x20 with
the attributes.

3.2 Decision Tree Algorithms

Decision trees were first proposed by
Bierman et. al. in 1984 [14]. This
technique is based on when there is an
independent variable with the strongest
association, the dataset is based on the
logic of dividing it into two. In this way, a
tree structure is created by continuing
until the divisions are completed. A
decision tree is a structure that is used by
dividing large quantities of records into
very small groups of records by applying
simple decision-making steps. With each
successful partitioning process, the
members of the result groups become
much more similar to one another. It
consists of a root, with any number of
nodes, branches, and leafs (also known
as terminals). In many classification
problems where large databases are used

and in decision trees containing complex
or inaccurate information, decision trees
are a useful solution. Important
algorithms such as C4.5, CR&T, ID3, and
QUEST, are used for the building of
decision trees. In our study, it is observed
that classification algorithm is more
suitable considering the structure of the
data. Thus, in the study, the most suitable
options i.e. CHAID Algorithm and C&R
TREE Algorithm were respectively used.

3.2.1 CHAID Algorithm

CHAID method [15] uses the chi-square
test to generate the optimal partitioning
by creating the trees in which each node
defines the partitioned state. The CHAID
method is easy to interpret and can be
used for classification and detection of
interaction between variables.

In CHAID algorithm; target value is
selected as yield, input values are
selected as the weather data, and various
rules are then formed accordingly. These
rules are subsequently interpreted to
yield results from them. The rules shown
in Figure 1 below were used to interpret
this process.

This process reveals the factors that have
the highest effect on crop yield based on
this algorithm. It is observed that the
most important of these factors is the
total rainfall for the 1-month period
following the crop planting. The factors
affecting crop yield are given in order of
importance in Figure 2.

If applied again with partition taken
based on the location, CHAID algorithm
allows different rules to form; and these
rules can be interpreted to get new
results. The rules shown in Figure 3
below were used to interpret this
process.
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- Ik Ay Yagmur <= 6 [ Ave: 507,809, Effect: 78,745] => 507,909
B Ik Ay Yagimur = 6 and ilk Ay Yagmur <= 20 [Ave: 417,628, Effect -11,536]
-k 3ayGuneg <= 235 [Ave: 489,167, Effect 71,539] => 489,167
ik 3ayGines = 235 and ilk 3ayGiines <= 481 [Ave: 2448, Effect -172,828] => 2448
‘o Ik 3ayGlnes > 481 [Ave: 417,846, Effect: 0,218] => 417,846
; Ik Ay Yadmur = 20 and Ik Ay Yadmur == 31 [Ave: 510,951, Effect: 81,787 => 510,951
=l Ik Ay Yagmur = 31 and ik Ay Yagmur <= 39 [Ave: 344,162, Effect -85,002]
L e sic, Ort== 12 [Ave: 328,029, Effect; -16,134] => 328,029
= gic. Ot =12 and sic. Ort <= 14 [Ave: 443 Effect. 98,838) => 4430
i sic. Ort = 14 [Ave: 346,235, Effect. 2,073) => 346,235
= Ik Ay Yagmur » 39 and ilk Ay Yadmur <= 56 [ Ave: 430,358, Effect: 1,194 ]
ik JayGiines <= 386 [Ave: 405,638, Effect -24,72) => 405,638
| ilk JayGines = 386 [Ave: 488,45, Effect 58,002] => 488,45
ik Ay Yadmur = 56 and ilk Ay Yadmur == 85 [ Ave: 6415, Effect 212,336] => 6415
=1 Ik Ay Yagmur = 85 and ilk Ay Yagmur <= 98 [Ave: 423,029, Effect -6,135]
| Ik 3ayGines <= 352 [Ave: 372,214, Effect -50,815] => 372,214
: Ik 3ayGines = 352 [Ave: 458 6, Effect 35,571] => 458,6
cS ik Ay Yadmur = 98 [Ave: 306,659, Effect -122,505]
Son Ay Yagmur <= 29 [Ave: 282,375, Effect -24,284] => 282,375
= Son Ay Yadmur = 29 [Ave: 335,8, Effect: 29,141
- Kalan Gineg == 995 [Ave: 406,5, Effect 70,7] => 406,5
‘e Kalan Gines = 995 [Ave: 318,125, Effect: -17,675] => 318125

ilk Ay Yagmur=Total rainfall in the first month

ilk 3Ay Giines=Total holar heat in the first 3 months
Sic. Ort=Temperature average

Son Ay Yagmur=Total rainfall in the last month

Figure 1. The rules by using CHAID algorithm

Variable Importance
Targets: Yield (kg/da)

1lk Ay Yagmur
sic. 0_
Kalan Ganes-:é:
Ik 3ayGines |

Son Ay Yagdmur

0,0 0,1 0,2 0,3 04 0,5 0,6

&y vagmu] [CETRET]
I' I [ 1

ilk Ay Yagmur=Total rainfall in the first month

ilk 3Ay Giines=Total holar heat in the first 3 months
Sic. Ort=Temperature average

Son Ay Yagmur=Total rainfall in the last month

Figure 2. Variable Importance by using CHAID algorithm
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Toplam Ay <= 7 [Ave: 260,667, Effect -99,562) => 260,667
- Toplam Ay = 7 [Ave: 394 692, Effect: 34,464 ]
Ik 3ayGlineg <= 352 [Ave: 372,214, Effect -22,478] = 372,214
Ik 3ayGunes = 352 [Ave: 420,917, Effect: 26,224 => 420917

Toplam Ay=Total month

ilk 3Ay Gilines=Total holar heat in the first 3 months
Figure 3. The rules by using CHAID algorithm on the second run

If partition is changed to location-based,
the most important factor is observed to
be the period that spans from planting
date to harvest date. The factors affecting
crop yield within this approach are given
in order of importance in Figure 4.

Based on these two separate approaches
employed in CHAID algorithm, the major
factors affecting crop yield are as follows
in order of importance: Total months
from crop planting to harvesting, total
amount of solar heat that the crop gets
within the first three months after being
planted, and total amount of rainfall
within the first months following crop
planting.

3.2.2 C&R Tree Algorithm

C&R TREE Algorithm is based on the
principle of separating two trees from
each decision node. In the C&R TREE
algorithm, partitioning is performed by
applying a certain criterion in a node.
This takes into account the values for
which all the qualities are present, and
after all matches two divisions are
obtained. Selection is performed on these
divisions.

In C&R TREE algorithm; target value is
selected as yield, input values are
selected as the weather data, partition is
done on the basis of location, and various
rules are then formed accordingly. These
rules are subsequently interpreted to
yield results from them. The rules shown
in Figure 5 below were used to interpret
this process.

According to C&R Tree Algorithm, the
two most important factors affecting
crop yield are the total solar heat that the
crop gets within the first three months
following crop planting, and the amount
of solar heat that it gets starting this 3-
month period until harvest. It is also
observed that these two factors are
proportional to each other. Based on this
approach, if the ratio of total solar heat
that the crop gets within the first three
months following crop planting to total
solar heat that it gets in the period
following this 3-month period does not
double it, then crop yield deteriorates. If
it doubles, then the crop yield is boosted.

3.3 Results

The CHAID Algorithm and the C&R TREE
Algorithm analyses prove that the factors
affecting crop yield are as follows in
order of importance:

1. Total amount of solar heat that the
crop gets within the first 3 months after
being planted.

2. Total amount of rainfall within the first
months following crop planting.

3. Ratio of the total solar heat that the
crop gets within the first three months
following crop planting to the total solar
heat that it gets in the period following
this 3-month period.

4. Total months from crop planting until
harvest time.

To help users to make decisions, after
obtaining necessary information from
the Meteorological Service Department, a
decision support system has been
created pursuant to these factors.
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Variable Importance

Targets: Yield (kg/da)

Toplam Ay ——

ilk 3ayGines—

0,0 0,2

ay F-Jne:}

0,6 0,8 1,0

r
Toplam Ay=Total month

Toplam
|

ilk 3Ay Giines=Total holar heat in the first 3 months

Figure 4. Variable Importance by using CHAID algorithm on the second run

=l Kalan Guneg <= 806 [Ave: 394 692, Effect: 34 464 ]
ik 3ayGines <= 359 [Ave: 372,214, Effect -22,478] => 372,214
ik 3ayGunes = 359 [Ave: 420,917, Effect: 26,224 ] => 420,917

= Kalan Guneg = 806 [Ave: 260,667, Effect: -99,562
llk 3ayGiinesg == 376,500 [Ave: 2805, Effect: 19,833] => 2805
Ik 3ayGunes = 376,500 [Ave: 244 8, Effect -15,967] => 2448 |

Kalan glines=sum of amount of solar heat received until harvest time — sum of solar heat received for

the first 3 months

ilk 3Ay Glines=Total holar heat in the first 3 months
Figure 5. The rules by using C&R TREE algorithm

4. Development of a
Decision Support System
Decision support systems are computer
based information systems that help
people make decisions. They enable
efficient use of data and models, enabling
complex problems to be solved more
easily. People make mistakes when
making decisions on their own.

Prototype

In this study, to help farmers get
maximum amount of crop yield in future,
a decision support system has been
developed based on farmers’ past
product information, as well as on
meteorological data. The decision

support system was developed in Visual
Studio using C# programming language
and Asp.net software architectural.

The decision support system developed
can be used for Menemen, izmir since the
majority of the data used relates to this
region. Meanwhile; as the recent weather
forecast data made available by the
Meteorological  Service  Department
covers 2017-2018, the system can only
be used for this period. Implementation
helps farmers in three main areas.

4.1 Harvest time forecast
The crop planting date info provided by
users and the weather data from the

1063



B. Bostanci vd. / Decision Support Tools for Barley Yield: The Case of Menemen - Turkey

Meteorological Service Department are
combined and used to estimate the
harvest time that will bring the highest
crop yield. farmers can view the
forecasted harvest time based on the
planting date provided by the farmers.
Currently, this project runs only for the
barley yield in izmir’s Menemen district.
Farmers can get the information
regarding the total amount of solar heat

that their crop has received so far,
harvest time and the remaining amount
of solar heat. This information is created
based on the meteorological data
available and the results from the data
mining, as well as the crop planting date
info provided by the farmers themselves.
A warning screen is displayed as shown
in Figure 6 if the optimal harvest time is
missed.

o

Welcome Biigra BOSTANCI - Profilim
Giivenli Gikig

Estimate Harvest Time

v

PROVINCE

PRODUCT:

Calculate

Harvest Time : 3.3.2018

Sum of Solar 2636
Heat:

PLANTING DATE

DISTRICT: M

14.9.2017 00:00:00

The remaining amount of solar

The harvest time has

heat :
passed.

Figure 6. Farmer decision support system to estimate harvest time

4.2 Yield Forecast

The crop planting date and harvest date
info provided by users and the weather
data from the Meteorological Service
Department are combined and used to
forecast crop yield amount. On this page,
farmers can view the results created
based on their planting date and harvest
time. Currently, this project runs for the
barley product in Izmir's Menemen
district. Farmers are informed about the
approximate crop yield that they might
get after harvesting their crop. This

approximate crop yield info is created
based on the planting date info and
harvest time info provided by the
farmers themselves. This page is as
shown in Figure 7.

4.3 Farmers’ Problems

The problems that farmers face and the
questions directed by them to get the
information they want are answered by
experts. On this page, farmers can ask
their questions and access necessary
information that they need to contact
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page manager. This page is as shown in
Figure 8.

o ﬁcﬁugra BOSTANCI - Profilim
Gecisisn Guppont Gpotem: fon fanmen T

Estimate Yield
PROVINCE: DISTRICT:
PRODUCT:
PLANTING DATE [ 982077000000 .. HARVEST DATE [ 1932018000000 |...

Harvest Time in March

Estimate Yield: : 450

Figure 7. Farmer decision support system to estimate yield

Welcome Biisra BOSTANCI - Profilim
Gilvenli Cikis

Ask a question to Expert.

Contact Us

ADDRESS
DOKUZ EYLUL UNIVERSITY

Engineering Faculty
35390 Buca/lzmir
TELEPHONE

MAIL
4

bostanci.busra@gmail.com

Biigra BOSTANCI.2018

Figure 8. Farmer decision support system to contact an expert
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5. Discussion and Conclusion

There is a huge volume of data that is
ready to be converted into useful
information for the field of agriculture.
Farmers need higher amounts of crop
yield, lower costs, and minimal damage
so they can maximize their gaining
which can be achieved through more
conscious use of this data at the time of
decision-making. In this study, we have
applied some sound techniques of data
mining to the field of agriculture, which
has allowed us to evaluate and examine
data for the farmers. Within the scope of
this study, the data received from the
[zmir Menemen Provincial Directorate
of Agriculture was organized for
analysis. Then the SPSS Clementine
software was used in order to analyze
the data with the help of CHAID and
CR&T decision tree algorithms to
demonstrate the optimum harvesting
time for barley yield. This analysis was
carried out to determine the factors that
have an impact on crop yield. To help
farmers make better decisions, an
application for a decision support
system has been designed in accordance
with the results retrieved.

Some meaningful results were observed
when the optimum harvesting time and
corresponding yield rates were selected
as the input variable and as the target
variable, respectively. Total amount of
solar heat and rainfall that the crop gets
within the first three months and the
first month following crop planting,
respectively, affects crop yield the most.

We have shown how data mining can be
successfully applied for this purpose.
This work clearly shows that the factors
that can be controlled by the farmer can
be modeled quite well into a data
mining problem such that we can
obtains answers to the most common
questions, by revealing patterns of
interest in otherwise unorganized data.
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