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ABSTRACT

In this study, mono and dual ovaries of plant parasitic nematodes in quince (Cydonia oblonga Mill.) (Rosales: Rosaceae)
cultivated areas in Sakarya province of Turkiye, were investigated. A total of 230 female nematodes were used, which
were obtained from the soil in July 2016 and 2017. The nematode which was examined exhibited the best relationship
between the important parameters of the morphometric measurements. The mono and dual ovaries were discriminated by
using the linear discriminate function (LDF) method and artificial neural networks (ANNs) approach. The pair of
parameters were tried by using LDF method. Then it was observed that the pair of the tail length/tail diameter at anus or
cloaca (c) and percentage of the distance of vulva from anterior (V%) parameters had the best correlation with each other
considering the highest accuracy percentage obtained as 80% according to the LDF method. The ¢’ versus (V%) of the
nematode had a higher classification accuracy percentage for data set than others as 99% for LDF method and 91% for
ANNSs approach for the July 2016 set. Thus, it can be concluded that LDF method is as successful as ANNs approach.
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INTRODUCTION damaged by nematodes (Daramola et al., 2015).
Depending on the type of nematode diagnosed, effective
Since plant parasitic nematodes are one of the pest control method should be applied.
organism groups with the highest variety of species During  the  historical ~ development — of
among all the plant pests, they have priority in our nematqlogy, the systematic of nematodes has beep in.a
studies. Plant parasitic nematodes are common in crop d.ynam1c structure that has .beén. constantly changlng in
production areas and can be highly destructive when time (Ahmed et al., 2015; Siddiqi, 2000). When technical
populations of some species rise above the economic and taxonomic experts use phenotypic characters and
threshold level (Gaugler and Bilgrami, 2004). Today,  their options carefully, precisely and correctly in their
even with modern agricultural technologies in developed morphological studies to identify taxa, identification of
countries, the product loss can be 5-10% due to plant the organism can be as good as any biochemical or
parasitic nematodes (Mitiku, 2018). Because of their molecular method.

microscopic dimensions and the undefined findings of an The morphologic parameters of the plant
infection, plant parasitic nematodes live at sheltered parasitic nematodes identified in a long process by a
areas. For that reason, the agricultural laborers and plant taxonomist need not be checked for accuracy percentage,
protection experts are needed frequently (Desaeger ef al., while he or she is diagnosing the nematode specimen.
2004). However, the accuracy percentage results obtained by
In fact, root-damaging nematodes disrupt the artificial neural networks (ANNs) approach and LDF
plant's absorption of water and nutrients from the soil and method can be compared With reall values. ANNs
increase the severity of the damage along with soil-borne approach is one of the machine learning methods that
plant disease factors (Dababat er al., 2015). Hence, have been widely used in recent years, and it is utilized in
symptoms such as yellowing and wilting of the leaves, solving  complex prgblems 'in 'various t35k§ frgm
growth retardation, structural deformations in the root parameter and function estimation to classification

system, impediment of water and nutrient intake from the (Kurtulmus et al., 2020).

soil and eventual yield loss are observed at plants
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Besides, many nematode species were
investigated by using ANNs approach (Sundararaju et al.,
2002; Akintayo et al., 2018; Aragon et al., 2019;
Uhlemann et al., 2020; Tan et al., 2022). As a result of
the scientific advances, the importance of the Artificial
Intelligence was discovered and its results and the results
of studies using LDF method have started to be compared
(Keles, 2019; Tan et al., 2022).

At the classical taxonomy, some morphological
parameters are used for the determination of the ovary
types of the female nematodes. In this study, all female
nematodes have been determined according to the mono
ovary and dual ovary in a population together. For that
reason, it may cause some probable errors in scientific
classification studies. To determine the real number of
female nematodes in the study area, they should be
diagnosed truly. Many different methods are available in
the literature about discrimination of the population in the
classical taxonomy. Therefore, some pairs of parameters
that determine the type of the ovary needed to be tested
due to the separation of the most important morphometric
parameters by the taxonomical expert. The purpose of
this study was the discrimination of mono and dual ovary
by applying LDF method and ANNs approach. For the
discrimination of the two groups according to the chosen
pair of parameters, LDF method and ANNs approach
have been used at the studies on earth sciences, too (Tan,
2021; Tan et al., 2021a; Tan et al., 2021b).

For that reason, we decided to compare the
accuracy percentage results of some parameter pairs of
LDF method and ANNSs approach first. Calculated values
of accuracy percentage were checked to define the best
pair of parameters for presentation of the ovaries. Joint
with some interdisciplinary departments, this may
improve the quality of the population, helping to better
identify errors in nematode taxonomy research.

In this study, soil samples were collected from
quince (C. oblonga Mill.) growing areas in July 2016 and
July 2017 in Pamukova and Geyve districts in Sakarya
(Turkey) and were examined. With 174,038 tons of
production and 6,568 ha of production area, Turkey is the
homeland and the leader of quince production in the
world and provides about 20% of world production
(http://faostat3.fao.org/). Sakarya province ranks the first
in quince production with 102,476 tons and constitutes
59% of our country's quince  production
(http://www.tuik.gov.tr/). Geyve Quince, symbolized by
Geyve on June 17, 2020, was registered by the Turkish
Patent and Trademark Office with geographical
indication (Akal et al., 2020). Geyve Quince, which has
such a big economic importance for Sakarya province,
needs to be cultivated healthily by farmers. It also needs
to be controlled by the agricultural engineers regularly.
That is because quince is exposed to various pests and
diseases including soil-borne factors such as plant
parasitic nematodes. Otherwise, the quince production
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would affect the agricultural economy of Sakarya
province negatively.

MATERIALS AND METHODS

In this study, a total of 50 soil samples were
taken from quince cultivation areas in Geyve and
Pamukova in Sakarya in July 2016 and July 2017 in the
region bounded by 39.48-40.00°N and 30.03-30.21°E. A
total of identified 230 female plant parasitic nematodes
were diagnosed as Helicotylenchus tunisiensis Siddiqi,
1963 (Tylenchida: Hoplolaimidae), Merlinius brevidens
(Allen, 1955) Siddiqi, 1970 (Tylenchida:
Belonolaimidae), Pratylenchoides alkani Yiiksel, 1977
(Tylenchida: Pratylenchidae), Rotylenchulus boreails
Loof and Oostenbrink, 1962 (Tylenchida: Hoplolaimidae)
and Scutylenchus quettensis Maqgbool, Ghazala and
Fatima, 1984 (Tylenchida: Belonolaimidae) for the plant
parasitic nematode species with dual ovary and
Boleodorus (B.) thyllactus Thorne, 1941 (Tylenchida:
Tylenchidae), Irantylenchus clavidorus XKheiri, 1972
(Tylenchida: Tylenchidae), and Ditylenchus destructor
Thorne, 1945 (Tylenchida: Anguinidae) for the plant
parasitic nematode species with mono ovary from these
soil samples (Siddiqi, 2000) (Fig. 1).

In this study, some parameters such as overall
body length (L), spear length (stylet), percentage of the
distance from anterior to median bulb relative to length of
esophagus (MB%), percentage of the length of male
gonad relative to body length (T), distance from vulva to
anus (VA), (T/VA), percentage of the length of anterior
female gonad in relation to body length (G1), portion of
body from anus or cloaca to posterior terminus (tail),
body length / greatest body diameter (a), body length /
distance from anterior to esophago-intestinal valve (b),
body length / distance from anterior to base of esophageal
glands (b"), body length / tail length (c), tail length / tail
diameter at anus or cloaca (c"), conus of stomatostyle/
total stomatosyle length (m), (distance of dorsal
esophageal gland opening from stylet knobs x
100)/(Iength of stylet) (o) and percentage of the distance
of vulva from anterior (V%) were used (De Man, 1880).
And then the results were compared with each other
using LDF method before the percentage accuracy was
calculated using ANNs approach for the classification of
mono and dual ovaries. L versus other pairs of parameters
(as stylet, MB%, (T/VA), G1, the tail, a, b, b’, ¢, ¢’, m, 0
and V%, respectively) enabled the determination of LDF
method using Statistical Package for the Social Sciences
(SPSS) Analysis Program to discriminate mono and dual
ovaries of this population (SPSS, 2005). Before ANNs
approach was applied to the data set, the highest accuracy
percentage among the pairs of parameters had to be
chosen. Therefore, the highest values of these parameters
were separated. After the best accuracy percentage was
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and dual ovary. Thus, results of both the LDF method and
ANNs approach were compared, respectively.
N

determined, the ANNs approach was applied to this pair
of parameters as ¢’ versus V% for discrimination of mono
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Fig. 1. The location map of the study area as shown inside of the black rectangle (Modified from Isik, 2007).

LDF method: LDF method was used to discriminate
different data groups from each other (Fisher, 1936).
Generally Linear Discriminate Functions were shown as
again simplified in Eq. (1):
Fipr = a + b X; + b,X,+...+b X,

Here, a is constant number, by, ...
regression coefficients and Xy is
independent variable m.

Xi: Normalized value of X, discriminate
parameters

The best pair of parameters was decided as ¢
versus V% for the data set because it had the highest
accuracy percentage for the data number as 230. And
then the graphic was drawn and mono and dual ovaries
were distinguished using LDF method (Table 1).

)

, bm are

the value of
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For selection of the best pair of parameters, the
stage which had the highest accuracy percentage was
determined via LDF method using SPSS Analysis
Program (SPSS, 2005). Before the best pair of
parameters was selected, the values of accuracy
percentage as four stages were separated. And then the
highest value was chosen for a pair of ¢’ versus V%
parameters.

Before LDF method was wused, the
normalization process was applied to all data sets. The
functions were drawn, and the accuracy percentages
were calculated by using SPSS Analysis Program
(SPSS, 2005). In this study, LDF method was applied to
the data set first (Table 2 and Fig. 2).



Tan and Tan J. Anim. Plant Sci., 33 (4) 2023

Table 1. Selection of the best pair of parameters for the July 2016-2017, data set together using LDF method
(Grey cells showed the highest value of the accuracy percentage using LDF method).

Pair of  Accuracy 1%Stage Accuracy 2" Stage Accuracy 3" Stage Accuracy 4"Stage Accuracy

parameters (%) selected selected (%) selected (%) selected (%)
LDF pair of pair of LDF pair of LDF pair of LDF
method parameters method parameters method parameters method parameters method

L-Stylet 78 (T/VA)-G1 80 G1-Tail 80 Tail-V% 80 c'-V% 80

L-%MB 54 (T/VA)-Tail 80 G1-V% 80 Tail-c' 80

L-(T/VA) 80 (T/VA)-V% 80 Gl-¢' 80

L-G1 80 (T/VA)-¢' 80

L-Tail 80

L-a 67

L-V% 78

L-b 73

L-b’ 70

L-c 72

L-¢’ 80

L-m 64

L-o 60

Table 2. The results of the discriminant analysis using LDF method for pairs of Criteria 1: ¢’ versus V%

parameters for the July 2016 data set, Criteria 2: ¢’ versus V% parameters for the July 2017 data set and
Criteria 3: ¢’ versus V% parameters for the July 2016-2017 data set. The original grouped cases were
correctly classified for two criteria as 99%, 99% and 80%, respectively.

Criterion Type Predicted group membership Total
Dual Ovary (DO) Mono Ovary (MO)
Original DO 64 0 64
1 number MO 1 44 45
Y DO 100.0 0 100
’ MO 2.2 97.8 100
Original DO 74 0 74
) number MO 1 46 47
Y DO 100.0 0 100
’ MO 2.1 97.9 100
Original DO 141 42 183
3 number MO 3 44 47
o DO 77.0 23.0 100
’ MO 6.4 93.6 100
) 1,04 ° . 1,0 o
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* Dual ovary
© Mono ovary
O Misclassified data

Fig. 2. Plots showed distribution for data set using LDF method a) ¢’ versus V% parameters for the July 2016
data set b) ¢’ versus V% parameters for the July 2017 data set and c) ¢’ versus V% parameters for
parameters for the July 2016-2017 data set, respectively. The accuracy percentages were obtained as
99%, 99% and 80% for pairs of ¢’ versus V% parameters, respectively.

ANNs approach: The ANNs approach was used to
compare the results of accuracy percentage of the other
method. This method was applied to the data set for the
first time. In this study the BPNNs learning algorithm
was used. That’s because it had some advantages such as
reducing errors backwards, namely from output to input

(a)

(Cetin et al., 2006). Furthermore, it had a simple neural
network topology (Cayakan, 2012). In this study, the
BPNNs learning algorithm was used. Generally, members
of the network architecture were shown as in Fig. 3
(Rumelhart et al., 1986; Gulbag, 2006).

INPUT LAYER HIDDEN LAYER OUTPUT LAYER

Weights Bias=1
Xil Wil JL
Iinxts Win }{D ) Outputs
\Tn Sum Transfer
Function  Function
) ®
g Classification
2 -’O Output
Input Mono Ovary
O
V% -’O Dual Ovary

®

Fig. 3. (a) Members of the network architecture, a neural network structure for types of the ovary (b) ¢’ versus

V% (Modified from Gulbag, 2006).
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Pairs of parameters were used for the first time
in this study as one of them was the input parameter for
testing and the other was the output parameter as the
type. These pairs of parameters were determined as ¢’
versus V% (Fig. 3).

After the learning algorithm was chosen, the
data set started to be prepared as “the training data” and
“the testing data” for ANNs approach. Different
researchers have arranged their data using values of
different percentages to separate training data and test
data. In other words, there is not a special rule to separate
the data (Gulbag, 2006; Yildirim, 2013; Tan, 2021; Tan
et al., 2021a; Tan et al., 2021b; Tan et al., 2022). In this
study, the data set was arranged by using one station that
belonged to the data set randomly. It was decided to use

J. Anim. Plant Sci., 33 (4) 2023

70% of all data as training data and 30% of all data as
testing data.

The July 2016 data set had 109, the July 2017
data set had 121 and the July 2016-2017 data set had 230
numbers for types of the ovary. These data sets were
separated into two parts as training data (Number of 76
data for the July 2016 data set; number of 85 data for the
July 2017 data set; and number of 161 data for the July
2016- 2017 data set, respectively) and as testing data
(Number of 33 data for the July 2016 data set; number of
36 data for the July 2017 data set; and number of 69 data
for the July 2016-2017 data set, respectively). That is to
say, the number of training data set was of 70% using
ANNs approach in this study (Table 3).

Table 3. Number of events in training set, testing set, misclassified testing set and misclassified quarry blast for all
data sets by using ANNs approach (For pairs of Criteria 1: ¢’ versus V% for the July 2016 data set;
Criteria 2: ¢’ versus V% for the July 2017 data set and c) ¢’ versus V% for the 2016-2017 data set,

respectively).

Criterion  The number of all The number of

The number of

The number of Accuracy (%)

data sets training sets testing sets  misclassified testing sets (ANNs approach)
1 109 76 33 3 91
2 121 85 36 5 86
3 230 161 69 6 91

All results were obtained using ANNs approach
on MATLAB (MATLAB, 2011). The results of accuracy
percentage were obtained using this method and applied
to all of data k-fold cross validation technique, too (James
et al., 2017). ANNs approach was requested to be
validated again. So suitable results that had high values of
accuracy percentage values between 50% and 91% were
obtained, i.e., the results of ANNs approach were very
successful. To obtain the network architecture of the
artificial neural network, the selection of the number of
neurons (Nn) was an important criterion in the ANNs
approach (Kermani et al., 2005; Gulbag, 2006). That’s

because it was one of the substantial factors for the
discrimination of different data sets (Cetin et al., 20006).

Furthermore, Nn was decided by trial & error
method (Yildirim, 2013; Kaftan et al., 2017). And then
Nn which had the highest accuracy percentage was taken
for the determined ANNs model (Gulbag, 2006). In the
literature, researchers have used different intervals using
different increments for Nn (Gulbag, 2006; Kuyuk et al.,
2009; Yildirim, 2013; Kaftan et al., 2017; Tan, 2021; Tan
et al., 2021a; Tan et al., 2021b; Tan et al., 2022). In this
study, it was increased by 5 between 1 and 25 and then
results were compared with each other for the pair of
parameters separately (Table 4).

Table 4. The number of neurons (Nn) according to the Accuracy percentage results according to ANNs approach
for pairs of of Criteria 1: ¢’ versus V% for the 2016 July data set; Criteria 2: ¢’ versus V% for the 2017
July data set and c) ¢’ versus V% for the 2016-2017 July data set, respectively.

Criterion Accuracy (%) Accuracy (%) Accuracy (%) Accuracy (%) Accuracy (%)
for Nn:5 for Nn:10 for Nn:15 for Nn:20 for Nn:25
1 82 91 76 73 88
2 86 81 64 50 69
3 81 88 91 70 90

The training was continued until the
determination coefficient (R?) approximated to 1. When
the suitable value was obtained, the network model was
stopped and started to be tested (Table 5).

For the July 2016 data set, Nn was selected as 10
for the pair of ¢’ versus V% parameters.

Furthermore, for the July 2017 data set, Nn was
selected as 5 for the pair of ¢’ versus V% and 15 for the



Tan and Tan

pair of ¢’ versus V% parameters for the July 2016-2017
data set, respectively. That’s because Nn was not high for
a pair of a parameter. Namely, the topology of the
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network was not complex and was close to 1 as R? (Table
6).

Table 5. The variation of R? according to Nn that were obtained using ANNs approach (For pairs of Criteria 1: ¢’
versus V% for the 2016 July data set; Criteria 2: ¢’ versus V% for the 2017 July data set and c) ¢’ versus

V% for the 2016-2017 July data set, respectively).

Criterion R? (Nn:5) R? (Nn:10) R? (Nn:15) R? (Nn:20) R? (Nn:25)
1 1 1 1 1 1
2 0.96 0.97 1 1 1
3 0.6 0.53 0.29 0.23 0.34

Table 6. The selected Nn according to the Accuracy
percentage results for pairs of ¢’ versus V%
parameters (Criteria 1: for the 2016 July data
set; Criteria 2: for the 2017 July data set and
Criteria 3: for the 2016-2017 July data set,

respectively).
Criterion The selected Nn  Accuracy (%) (ANNs
approach)
1 10 91
2 5 86
3 15 91

Furthermore, the Levenberg-Marquardt training
algorithm and Hyperbolic Tangent-Sigmoid activation
function were used in this study (Kermani et al., 2005;
Kuyuk et al., 2009). This algorithm had an important
application in MATLAB software (Levenberg, 1944;
Marquardt, 1963; Charrier et al., 2007, MATLAB, 2011;
James et al., 2017). Selected activation function, denoted

a)
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by ¢@(x), defined the output of a neuron in terms of the
induced local field. The hyperbolic tangent sigmoid
function can be used, defined by using Eq. (2):
o) = ﬁ -1 (2

Here, @(x): Hyperbolic Tangent Sigmoid
activation function (Gradshteyn and Ryzhik, 2007).

Moreover, the normalization process was
applied to every data and a significant percentage of the
data was selected randomly as the training data. Hence,
remaining part was chosen as the testing data (Kermani et
al., 2005). After obtained outputs were compared with
tested outputs, the accuracy percentage was calculated
(Fig. 4).

Moreover, number of testing data, Nn,
misclassified data, R?, performance, epoch and accuracy
percentage values for data set were investigated by using

ANNs approach for comparison for pairs of criteria
(Table 7).
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Fig. 4. Plots showed distribution for data set using ANNs approach a) ¢’ versus V% (Selected Nn:10) for the 2016
July data set b) ¢’ versus V% (Selected Nn:5) for the 2017 July data set and c) ¢’ versus V% (Selected
Nn:15) for the 2016-2017 July data set, respectively. The accuracy percentages were obtained as 91%,

86% and 91% for pairs of ¢’ versus V% parameters, respectively.

Table 7. Comparison of number of testings, Nn, misclassified data, R? performance, epoch and accuracy
percentage data values for data set using ANNs approach (For pairs of Criteria 1: ¢’ versus V% for the
2016 July data set; Criteria 2: ¢’ versus V% for the 2017 July data set and c) ¢’ versus V% for the 2016-
2017 July data set, respectively).

Criterion Number of Nn  Number of R? Performance Epoch Accuracy (%)
testing data misclassified ANNs approach
data
1 33 5 6 1 3.277(10)008 13 82
10 3 1 6.4"(10)012 14 91
15 8 1 8.57(10) 01 12 76
20 9 1 37(10)13 15 73
25 4 1 1.02(10)012 15 88
(Average) 82
2 36 5 5 0.96 0.058 7 86
10 7 0.97 1.6°(10)014 16 81
15 13 1 5.8%(10)00¢ 12 64
20 18 1 8.5%(10)%7 16 50
25 11 1 6°(10)905 6 69
(Average) 70
3 69 5 13 0.60 0.10 10 81
10 8 0.53 0.14 1 88
15 6 0.29 0.12 2 91
20 21 0.23 0.17 0 70
25 7 0.34 0.22 2 90
(Average) 84

And then the comparison of ANNs approach results with the results of the LDF method is shown in the Table 8.
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Table 8. Comparison of the accuracy percentage
values for data set according to LDF method
and ANNSs approach. (For pairs of Criteria 1:
¢’ versus V% for the 2016 July data set;
Criteria 2: ¢’ versus V% for the 2017 July
data set and c) ¢’ versus V% for the 2016-
2017 July data set, respectively.

Criterion Method and approach ?)/Cc)llracy
0
1 LDF 99
ANNSs 91
2 LDF 99
ANNSs 86
3 LDF 80
ANNs 91
RESULTS

The identification of the type of ovaries was
achieved using LDF method and ANNSs approach. In this
study, firstly the best pair of parameters was determined
using LDF method according to the highest accuracy
percentage value. For selection of the best pair of
parameters, the stage which had the highest accuracy
percentage was considered by using LDF method. Before
the best pair of parameters were selected, the values of
accuracy percentage were separated as four stages. Then
the highest value was chosen as 80% for a pair of ¢’
versus V% parameters. Later, three datasets were
prepared as the July 2016, the July 2017 and the July
2016-2017 (Table 1). Sixty-four (59%) out of total 109
female nematodes were described as dual ovaries and 45
(41%) of them were described as mono ovaries for the
2016 July data set. Seventy-four (61%) out of total 121
female nematodes were described as dual ovaries and 47
(39%) of them were described as mono ovaries for the
July 2017 data set. One hundred-eighty-three (80%) out
of total 230 female nematodes were described as dual
ovaries and 47 (20%) of them were described as mono
ovaries for the July 2016-2017 data set, too. Numbers of
the types of female ovaries were compared with each
other in the Sakarya district. The results of the
classification method between the types of the ovaries
using LDF method for pairs of criteria: 1- ¢’ versus V%
for the July 2016 data set; 2- ¢’ versus V% for the July
2017 data set and 3- ¢’ versus V% for the July 2016-2017
data set were shown in Table 2, respectively.

The ¢’ versus (V%) of the nematode had a higher
classification accuracy percentage for dataset than others
as 99% for LDF method and 91% for ANNSs approach for
the July 2016 data set. The LDF method was as
successful as the ANNs approach. A new perspective,
thus, was introduced to the principles of the taxonomical
nematology. This study was achieved for Sakarya by

872

J. Anim. Plant Sci., 33 (4) 2023

using these pairs of parameters with these new method
and approach together at the nematological studies in
both Turkey and the world for the first time.

In the first criterion, 64 dual ovaries were
classified correctly, and 1 dual ovary was misclassified as
mono ovary. 44 mono ovaries were classified correctly,
and 1 mono ovary was misclassified as dual ovary. So,
the accuracy percentage was obtained as 99% for the July
2016 data set by using LDF method. In the second
criterion, 74 dual ovaries were classified correctly, and 1
dual ovary was misclassified as mono ovary. 46 mono
ovaries were classified correctly, and 1 mono ovary was
misclassified as dual ovary. Thus, the accuracy
percentage was obtained as 99% for the July 2017 data
set by using LDF method. In the third criterion, 141 dual
ovaries were classified correctly, and 3 dual ovaries were
misclassified as mono ovary. 44 mono ovaries were
classified correctly, and 3 mono ovaries were
misclassified as dual ovary. Therefore, the accuracy
percentage was obtained as 80% for the July 2016-2017
data set by using LDF method (Table 2).

After mono and dual ovary were distinguished
by using LDF method, ANNs approach was applied for
the same pair of parameters. Firstly, it had to be decided
for Nn, then we created test and training data set for the
two criteria in Table 3, respectively. The values of the
accuracy percentage for ANNs approach were also given
in Table 4. The accuracy percentage values varied from
50% to 91%. The values of the number of neurons which
were raised by 5 between 5 and 25 were given in Table 4.
Next, Nn versus the determination coefficient (R?) per
dataset for ¢’ versus V% (Table 5). R? values varied from
0.23 to 1 in that table. This situation indicated that
BPNNs learning algorithm was successful for those
parameters on that structure of the network topology. The
comparison of R? values that were obtained using ANNs
approach for pairs of parameters in this study area and the
comparison of R? versus the number of neurons were
alone not enough to decide. Table 5 shows that this
relationship was only a stopping criterion to stop the
training stage of the architecture network.

Nn were decided as 10, 5 and 15 at the network
architectures for pair of criteria: 1- ¢’ versus V% for the
July 2016 data set; 2- ¢’ versus V% for the July 2017 data
set and 3- ¢’ versus V% for the July 2016-2017 data set,
respectively. Because the average accuracy percentage
were the highest as 91%, 86% and 91% for the July 2016
data set, for the July 2017 data set and for the July 2016-
2017 data set, respectively (Table 6).

When the table of the number of testing data,
Nn, misclassified data, R?, performance, epoch and
accuracy percentage values for three datasets were
obtained using ANNs approach, they were compared with
each other for pairs of criteria (Table 7). It can be
concluded from this table that if Nn and number of
testing data increased, number of misclassified data and



Tan and Tan

performance also increased but R? and epoch decreased.
Next, average of the accuracy percentage values changed
irregularly in that situation for Nn that increased by 5
between 1 and 25.

Additionally, ¢’ versus V% values of the
accuracy percentage for LDF method and ANNs
approach were shown for the July 2016 data set, for the
July 2017 data set and for the July 2016-2017 data set in
Table 8. According to c' versus V%, the accuracy
percentage values were obtained using LDF method and
ANNs approach as 99% and 91% for the July 2016 data
set, respectively. And then according to ¢’ versus V%, the
accuracy percentage values were obtained as 99% and
86% for the July 2017 data set. Also, ¢’ versus V% the
accuracy percentage values were obtained using LDF
method and ANNSs approach as 80% and 91% for the July
2016 and the July 2017 data sets, respectively. Values of
pair of the ¢’ versus V% for ANNs approach were plotted
in Figure 4 for the July 2016 data set; the July 2017 data
set and the July 2016-2017 data set, respectively.

!

DISCUSSION

LDF method was one of the most popular and
successful techniques for the classification of different
groups among the natural sciences in the world. Keles
(2019) used ANNs approach and Discriminate Analysis
classification methods, and their success rates were
89.1% and 92.7% on X axis, 92.7% and 92.7% on Y axis,
86.8% and 88.7% on Z axis, respectively for
classification of hazelnut varieties. Tan et al. (2022)
obtained success rates as among 91-97% for LDF method
and 94-100% for ANNs approach for discrimination of
the ovary types of some nematodes, too.

In this study, the values of Nn which were
increased by 5 between 5 and 25 were shown in Table 4-
5-6. Nn versus R? values per data set were shown in
Table 5 for pair of criteria: 1- ¢’ versus V% for the July
2016 data set; 2- ¢' versus V% for the July 2017 data set,
and 3- ¢’ versus V% for the July 2016-2017 data set,
respectively. R? values varied from 0.23 to 1 in these
tables, too. It means that BPNNs learning algorithm was
successful for these pairs of parameters on that structure
of the topology in the area considered in this study. Tan
et al. (2022) found the R? values between 0.85 and 1 in
their study, which exhibits that the BPNN learning
algorithm was successful for this network topology, too.
For that reason, learning occurred successfully, and
everything went on well through the process, too.

When it was compared that the accuracy
percentage values for three criteria (¢’ versus V% for the
July 2016 data set, the July 2017 data set and the July
2016-2017 data sets, respectively), the pair of ¢’ versus
V% had higher classification accuracy percentage values
for both of the July 2016 datasets (99% for LDF method
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and 91% for ANNSs approach) than the other data sets in
Table 8.

Additionally, misclassified data was near the
limit of the discrimination area between two different
groups called as “the mono ovary” and “the dual ovary”
(As shown in Figure 2 and Figure 4) for both LDF
method and ANNSs approach. This is a new finding in this
study according to these classification techniques, too.

Moreover, the BPNN algorithm was one of the
most popular and successful techniques for the
classification of different groups at multidisciplinary
sciences in the world, too.) Some researchers investigated
some datasets using BPNN Learning algorithm
successfully between absolutely 80-100%, too (Yildirim
et al., 2011; Tan, 2021; Tan et al., 2021a; Tan et al.,
2021b; Tan et al., 2022). Akyuz (2019) used the BPNN
learning algorithm and obtained the R? values of the
ANN models as above 99% that is accepted to be
successful.

Consequently, in this study the accuracy
percentage values of the LDF method were as successful
as results using ANNs approach. But ANNs approach
was more successful than LDF method for classification
of mono and dual ovaries of plant parasitic nematodes.
Hence, it was concluded that the mono varies were
distinguished very well in this study and it may improve
the nematological cultivation studies.

Moreover, the results were obtained using LDF
method and ANNs approach. The highest classification
accuracy percentage values were achieved for the July
2016 dataset (99% for LDF method and 91% for ANNs
approach). Hence, this training algorithm proved to be
successful.

Additionally, Tan et al. (2022) achieved
successful accuracy percentage values (as 91% and 97%
for LDF method and 97% and100% for ANNs approach)
by using LDF method and ANNs approach together for
the first time in the world in nematology study area, too.

Conclusion: In this study, a pair of parameters, which
were some morphometric measurement data, had been
obtained using the human logic. It was applied for the
classification of the plant parasitic nematodes. The LDF
method which was a discrimination method had been
applied for determination of the correlation between that
pair of parameters. And then it was proved that ANNs
approach could approximate the analyzing capability of
the human logic successfully. So, a new perspective has
already been introduced to the principles of the
taxonomical nematology. Physical properties gave high
accuracy degrees in our study, which shows that a
database created in this way can also be used in classical
taxonomy research in the future. The results of our study
demonstrate that the identification method tested is
cheap, quick and dependable with high accuracy and for
this reason it can be considered as an alternative to
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innovative applications in identifying ovary types of plant
parasitic nematodes. A classification method for the plant
parasitic nematodes on the quince cultivated areas based
on ANNSs approach was proposed in this study. The
parameters of some morphological measurements of
female members of plant parasitic nematodes obtained in
the research were used. The results have showed that
ANNs approach and LDF method achieved higher
classification accuracy percentage values for the July
2016 dataset (99% for LDF method and 91% for ANNs
approach) than the other datasets for the pair of ¢’ versus
V%. The contributions of the study can be expressed as
follows: Back-propagation algorithm was introduced, and
the training data and testing data of ANNs were used.
Identification and classification techniques of ANNs
approach and LDF method that can easily be adapted into
practice were chosen to classify the parameters of some
morphological measurements of female members of the
plant parasitic nematodes. The preferred identification
and classification properties may be used in the design of
many different network architectures for the ANNs from
a simple state to a complex regulation. It is believed that
this method can be an alternative to eliminating the
complexity of classification problems in the plant
parasitic nematodes and will also contribute to the time
management. Moreover, investigations should give
priority to using more parameters of some morphological
measurements of the plant parasitic nematodes species
and their different data, too.

Authors’ contribution: Ayse Nur TAN, Ph. D. obtained
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