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Abstract: In Poisson regression, the dependent variable of the mite population relative risk assessment can be
estimated as based on countable data. Due to disappearing data and numerous uncountable values of the mite
population it became difficult to evaluate the risk factor by linear regression methods. The assessment of variable
features of mites depending on conditions is very suitable for Poisson regression modeling system. In the this
study, the occurrence of rare events such as the occurrence ratio of infected plants was defined by eriophyid
mites on two wheat varieties and four different localities. The study was constructed by two way possibility table
depending on plant varieties (Triticum aestivum L. and Secale cereale L. (Poaceae) with four locations
(Muradiye, Ahlat, Ercig, Dogu Beyazit and Igdir). The reference parameters were Triticum aestivumfor varieties,
and Muradiye for location, respectively. The risk assessment ofinfected plants for Secale cerealeis 1.245 times
higher as compared to Triticum aestivumand this difference was found statistically significant (p<0.05). The risk
of infected plants for Igdr location is 1.101 times higher as compared to Muradiye location (p>0.05). In the
Poisson log-linear regression, the dependent variable is a risk ratio or a relative risk can be estimated as well as
countable data. Thus, Poisson log-linear regression model is a very effective method for analysis of two-way
contingency table. Two-way contingency table is created considering the eriophyid mite infection ratio
depending on location and varieties, respectively.
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Poisson Log Dogrusal Regresyon Kullamlarak Eriophyoid Akar (Acari,
Prostigmata) Tarafindan Enfekte Edilen Bitkiler icin Relatif Riskin
Modellenmesi

Oz: Poisson regresyonunda, akar populasyonu icin relatif risk tahminini esas alan bagmli degisken saymma
dayali olarak elde edilebilir. Bu tip saymma dalay: olarak elde edilen akar populasyonu i¢in bilinen dogrusal
regresyon yontemi kullanilarak risk tahmini olduk¢a zordur. Béyle durumlarda, Poisson log dogrusal regresyonu
olduk¢a uygundur. Bu galismada, enfekte edilen bitkilerin olma oranlan iki farkh bugday ¢esidi ve dort farkl
lokasyon tarafindan tanimlandi. Cahsmanin veri seti; iki farklh bugday ¢esidi (Triticum aestivum L. and Secale
cereale L. (Poaceae) ve dort farkli lokasyon (Muradiye, Ahlat, Ercis, Dogu Beyazit and 1gdir) kullanilarak iki
yoOnli tablo halinde verilmistir. Referans parametresi olarak g¢esit igin Triticum aestivum ve lokasyon igin ise
Muradiye alimmugtir. Secale cereale’de bitkilerin enfekte olma riski Triticum aestivum’dan 1.245 kat daha
yiksek oldugu saptanmistir (p<0.05). Igdr lokasyonundaki bitkilerin enfekte olma riski Muradiye
lokasyonundan 1.101 kat daha yiiksek oldugu saptanmustir (p>0.05). Poisson log dogrusalregresyon modelinde
bagimli degisken saymmla elde edilen risk orani ya da relatif risk bigiminde tanimlanabilir. Bu nedenle Poisson
log dogrusal regresyonu bu tip iki yonlii tabloya doniistiiriilebilen veriler i¢in olduk¢a etklili bir yontemdir.
Burada, iki yonlii tablonun olusumu i¢in ¢esitler ve lokasyonlar kullanilmigtir.

Anahtar kelimeler: Akar, Eriophyoid, Poisson log dogrusalregresyon, Relatif risk
Introduction

The Eriophyoidea (Acari: Prostigmata) is one of the largest group of plant-feeding arthropods. Some of these
could have a scientific and economic importance of agricultural crops and some of them are on weed control.
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Only 130 eriophyoid species have been discovered in Turkey until 2015 (Denizhan et al. 2015). These eriophyoid
species have been recorded and described by several authors and published as catalogue (Denizhan et al. 2015).
The knowledge of the eriophyoid fauna that still remains undiscovered completely is limited in many parts of
Turkey. . Aswe know some Eriophyoid mites are diverse mostly on host plants and some of them are host plant
specific. Due to the geographical position and botanic history of Turkey; it is important, to find out potential
range of host plants for these organisms, their damage level and distribution. They cause abnormalities and gall
on plants. Besides they are vectors of important virus diseases. They live on the grooves ofthe upper leaf surface,
often causing leaf curling. They are vectors of the Wheat Streak Mosaic Virus (WSMV) and the High Plains
Viruses (HPV) (Denizhan et al. 2013).

Eriophyoids are very small organisms. Their distribution does not show normal population characteristics and it
will be more accurate to detect them by Poisson distribution method in determining whether they are risky in
agricultural areas or plants. Therefore, evaluation of the mite risk assessment by linear regression is not suitable
for modeling mite populations based on count data (Eye and Mun 2013). Linear regression requires dependent
variables to be in a normal distribution (Yesilova and Denizhan 2016). It is very difficult to determine changes
in population in mite populations due to variations such as temperature, plant variety, etc. It is very difficult to
determine with normal population models and may not reflect actual situation (Yesilova and Denizhan 2016). It
is important to use Poisson regression for assessment of the Risk assessment values for temperature based on
different sampling localities and the plants varieties. In the Poisson regression, the dependent variable shows a
Poisson distribution (Agresti 1997; Yesilova et al. 2010). The advantage of the distribution is that, it allows
quantitative rather than qualitative analysis of the values observed in the condition-dependent variables in the
mite population, andis based on countable data.

Besides, the evaluation of the relative risk (RR) ratio of the mite population could be estimated by the Poisson
regression (Eye and Mun, 2013). Dependent variable is very appropriate for modeling the events such as infected
plants data set.

Our goal is to identify the Eriophyid species on Wheat plants in VVan Region, Turkey. Thus, the aim of this study
was to determine the relative risk ratio of the mites based on different wheat plants (Triticum and Secales) with
different locations (Agri, Igdir, Muradiye and Dogu Beyazt) by applying Poisson log-linear regression model.

Material and Methods

Sampling was conducted in Eastern and South-Eastern parts of Turkey in different locations (Agn, 1gdur,
Muradiye and Dogu Beyazt) and varieties (Triticum and Secales) from 2013 to 2014 as a part of a faunistic
survey. The wheat samples were collected from agricultural areas and weeds around Van Lake Region between
2013 and2014. The sampling, classic mounting and identification techniques were used. The numbers of
Eriohyoids were counted from wheat samples belonging to four different localities for two weeks interval in
Van,Turkey in 2013-2014. The plants were examined under a stereomicroscope for the presence of eriophyoid
mites. Mite specimens were collected, mounted on slides using a standard protocol (De Lillo et al. 2010) and
then identified (Keifer 1969; Amrine et al. 2003)

Poisson log linear Regression Analysis

Poisson log linear model

Mean of Poisson distribution is 1. We supposed that the population has an “n” number of plants and a
risk that a plant will be infected is “p.” Then the average countof plants that have been infected isu =n*p.

We write proportion for infected plantas p = E.
n

Yij is the observed countin the (i, j) cell

nj; is the population in the (ij) cell fori=1,.,r andj=1,., c. Thus, Pi =VYi /nij
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This formulation helps to clarify the meaning of the maximum likelihood coefficients: eP gives the changein
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Analysis of Maximum Likelihood
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In our study, we suppose the following data set are classified by two factors: varieties (with two levels) and

location (with five levels) period.
Poisson log-linear model is,

Log (p].j) =, + X +BX, + BX,+BX,+ B2,

i=1..n j=1..cC

where Xl for Ahlat region,, X2 for Dogu Beyazt region, XS for Ercis region, and X4 for Igdir region; Z3

= 1 for Secale cereale. We constructed two way possibility table between plant varieties (Triticum aestivumand
Secale cereale) and location (Muradiye, Ahlat Ercig, Dogu Beyazt and Igdir) in this study. The reference
parameters were as follow: Triticum aestivumfor varieties, and Muradiye for location.

Results

The required statistical analyzes were performed by using SAS 9.1.4 statistical software program. The number
of infected plants depending on the plant varieties and the localities were considered as dependent variable in
the model. The varieties (Triticum aestivum and Secale cereale) and locations (Muradiye, Ahlat Ercig, Dogu
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Beyazit and Igdir) were included in the model as dependent variables. Poisson log-linear regression was applied
to data set using proc GENMOD procedure in SAS. Maximum likelihood parameter estimates for Poisson log
linear regressionwas given Tablel. In Table 1, the effects of location levels were found statistically insignificant
on the number of infected plants (p>0.05). The effects of varieties were found statistically significant on the
number of infected plants (p<0.01).

Table 1. Parameter estimates for Poisson log linear regression

Analysis Of Parameter Estimates

Parameter DF Estimate Standard Wald 95%  Chi- Pr > Chi-Sq
Error Confidence Limits Square

Intercept 1 -0.322 0.1025 -0.523 -0.123 9.88 0.002

Location Ahlat 1 0.068 0.132 -0.190 0.327 0.27 0.603

Location Dogu Beyazt 1 0.062 0.132 -0.198 0.321 0.22 0.642

Location Ercig 1 -0.002 0.131 -0.259 0.255 0.00 0.987

Location Igdir 1 -0.097 0.136 -0.364 0.170 0.50 0.479

Location Muradiye 0 Reference parameter . .

Varieties Secale cereale 1 -0.219 0.086 -0.38 -0.049 6.41 0.011

Varieties Triticum 0 Reference parameter

aestivum

Relative risk statistics foreach location and variety level according to reference parameters were calculated using
table 1. Thus,RR statistic values were,

= %0 = 0.998 and 1 1.002
0.998

Ercis vs Muradiye

1
—0.0966
RR[gdm vs Muradjye =e = 0907 ﬁnd m = 1101
1
0.068
RRD.BeyaZJt vs Muradive =e = 1063 dﬁd m = 0940
1

0.0685
RRAh/al vs Muradive =e = 10715]70’ m = 0934
RR. . =e® =0.803 and —— = 1.245

o 0.803

In the Poisson regression, the dependent variable is a risk ratio or a relative risk can be estimated as well as data
setbased on count data. Dependent variable and the occurrence of rare events assessment such as infected plants
ratio are very suitable for modeling Poissonrisk evaluation. Sampling were conducted at the coastalband of Van
Lake basin in 2013-2014. We constructed two way contingency measurement table between varieties (Triticum
aestivum and Secale cereale) and locations (Muradiye, Ahlat Ercis, Dogu Beyazit and Igdir) in this study. In
regression coefficient particular level of each independent variable is compared to reference category. There is
a difference between the linear and nonlinear tests. In this study, the reference parameters taken were as follow:
Triticum aestivumfor varieties, and Muradiye for location. The risk of infected plants for Secale cereale is 1.245
times higher as compared to Triticum aestivum and this difference was found statistically significant (p<0.05)
(Table 1). Therisk of infected plants for Ahlat location is 0.934 times less then as compared to Muradiye location
(p>0.05), therisk of infected plants for Ahlatand Dogu Beyazt is 0.940 times less than as compared to Muradiye
location (p>0.05), the risk of infected plants for Ercis location is 1.002 times higher as compared to Muradiye
location (p>0.05), and therisk of infected plants for Igdir location is 1.101 times higher as compared to Muradiye
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location (p>0.05). It was determined that all the comparisons of locations were statistically insignificant
according to reference category (Table 1).

Discussion and Conclusion

The determination of the biodiversity of the plant parasitic Eriophyoids on wheat and its economic importance
is rich and substantial. The role of the eriophyoid species on wheat and its economical importance should be
investigated in Turkey (Denizhan et al. 2013). Especially the host-parasite relationship should be evaluated by
concerning the monophagi of the plant parasitic eriophyoid species. There should be different evaluation and
Modeling determination system of the risk factors specially to control the important invasive mites of plant
species (Keifer 1969; Amrine et al. 2003). Therefore, a large survey on the eriophyoid mites in Van lake basin
with particular regard to the species on the wheat and their evaluation systems should be developed. It is
necessary to develop newstatistical methods or suitable assessment models. Thus there will be more informative
methods for the assessment ofthe invasive Eriophyoid population and its damage level.

Poisson log-linear regression is based on generalized linear models (GLM). Without requiring any assumption
on the original structure of a data set, Poisson regression is defined in the exponential form in GLM. In GLM,
regression analysis is applied by using a link function that is suitable for the distribution of dependent variable.
Log link function is used for Poisson regressionin GLM (SAS 2017).

Chi-sqaure analysis are used to analyze the two-way contingency table, but it is insufficient for a larger
contingency table. Thus, Poisson log-linear regression can be used to determine more than two-way contingency
table (SAS 2017). However, in the Poisson log-linear regression, the dependent variable is a risk ratio ora relative
risk can be estimated as well as count data (Agresit 1997; Eye and Mon 2013). Dependent variable is quite
suitable for modeling the occurrence of rare events such as cancer and infected plant data set.
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