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This study focused on the factors influencing income inequality among farming households of cassava
producers in North Central, Nigeria. A multi-stage sampling method was employed to select 160
cassava producers. The data were analyzed using descriptive statistics, Gini coefficient, and Probit
model analysis. The results show that about 87% of cassava producers were male, while 13% were
female. Approximate 92% of cassava producers were married. The mean age of cassava producers
was 48 years. Averagely, the cassava producers had 13 years’ experience in cassava farming. The
cassava producers were literate with an average of 12 years of school education. The household sizes
were large with an average of 8 people per household. Approximate 77% of cassava producers were
member of cooperatives. The average farm size was 1.75 hectares which means that they are small-
scale farmers. The estimates of Gini-coefficient show that 67 (41.88%) of cassava producers had
values equal or less than 0.5 which means that they belong to low and moderate income inequality
class. Similarly, approximate 93 (58.12%) of cassava producers had Gini-coefficient greater than 0.5,
this implies that they belong to high income inequality class. The age, level of education, amount of
credit accessed, farm experience, farm size, and extension contact were significantly different from
zero in influencing the income inequality among farming households of cassava producers. The study
recommends that single digit credit facilities should be provided to cassava farmers devoid of
cumbersome administrative procedures. Also, mechanized farming using farm technologies with
adequate provision of fertilizers, improved cuttings, agrochemicals, at appropriate time and affordable
prices will increase productivity, income of cassava farmers.

Manyok iireticilerinin c¢iftci haneleri arasinda gelir esitsizligini
etkileyen faktorler, Kuzey Orta, Nijerya

MAKALE BILGIisSi

OZET

Makale Gegmisi:

Gelis: 22.09.2024

Kabul: 25.11.2024

Cevrimi¢i mevcut: 18.12.2024

Anahtar Kelimeler:
Gelir esitsizligi
Manyok tireticileri
Gini katsayisi
Probit modeli
Kuzey bati

Nijerya

Bu calisma, Kuzey Merkez, Nijerya'daki manyok dreticilerinin cift¢ci haneleri arasindaki gelir
esitsizligini etkileyen faktorlere odaklandi. 160 manyok treticisini se¢gmek igin ¢ok asamali bir
ornekleme yontemi kullanildi. Birincil veriler kullanildi. Veriler tanimlayici istatistikler, Gini katsayisi
ve Probit model analizi kullanilarak analiz edildi. Sonuglar manyok iireticilerinin yaklasik %87'sinin
erkek, %13'linlin ise kadin oldugunu géstermektedir. Manyok fiireticilerinin yaklasik %92'si evliydi.
Manyok tireticilerinin ortalama yasi 48'di. Manyok iireticilerinin manyok tariminda ortalama 13 yillik
deneyimi vardi. Manyok treticileri okuryazardi ve ortalama 12 yillik okul egitimi aldilar. Hane halki
buyiiklikleri oldukea biiytik olup, hane basina ortalama 8 kisi diismektedir.

Manyok treticilerinin yaklasik %77'si kooperatiflere tiyedir. Ortalama ciftlik biiytklugi 1,75 hektards,
bu da onlarin kiigiik 6lgekli ¢iftci oldugu anlamina geliyor. Gini katsayisi tahminleri, manyok
ireticilerinin 67'sinin (%41,88) 0,5'e esit veya daha diisiik degerlere sahip oldugunu, yani disiik ve
orta gelir esitsizligi sinifina ait olduklarini gostermektedir. Benzer sekilde, manyok ftireticilerinin
yaklasik 93'iniin (%58,12) Gini katsayisinin 0,5'ten biiyiik olmasi, onlarin yiiksek gelir esitsizligi
sinifina ait olduklarini gostermektedir. Yas, egitim diizeyi, erisilen kredi miktari, ¢iftlik deneyimi, ¢iftlik
buyiikligii ve yayim sozlesmesi, manyok treticilerinin ¢ift¢i haneleri arasindaki gelir esitsizligini
etkilemede sifirdan 6nemli dlgiide farkliydi. Calisma, manyok ciftcilerine hantal idari prosediirlerden
arindirilmis tek haneli kredi olanaklarinin saglanmasini 6nermektedir. Ayrica, yeterli miktarda giibre,
iyilestirilmis ¢elikler ve zirai kimyasallarin uygun zamanda ve uygun fiyatlarla temin edildigi ciftlik
teknolojilerini kullanan mekanize tarim, manyok ciftcilerinin verimliligini ve gelirini artiracaktir.

*Corresponding author e-mail: omotayoalabi@yahoo.com
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1. Introduction

Cassava (Manihot spp) is a food security crop, which can grow in low rainfall, minimal
inputs, and poor soils (Gbigbi, 2021). The crop can withstand stress such as drought,
cheap to cultivate, available all year round, and generate income for peasant farmers,
hence providing household food security (Akerele et al., 2019). Cassava, apart from
being used as a food crop for urban and rural communities, can also be used as bio-fuel,
ethanol, to feed livestock, since it is a major source of income and employment for rural
inhabitants in Nigeria. Nigeria, presently is the world’s largest producer of cassava (60.8
million tons), second is Democratic Republic of Congo (48.8 million tons), third is
Thailand (34.0 million tons), and fourth is Ghana (25.6 million tons) (FAO, 2024).
Nigeria produced approximately 58,237, 500 tons and 60,835, 539.96 tons of cassava in
2021 and 2022, which represents 17.86% and 18.41% of world output, respectively
(Figure 1). Similarly, in Nigeria, the cassava area in 2021 and 2022 approximated 9, 979,
330 hectares and 10, 029, 844 hectares, respectively (Figure 2). The world output of
cassava in 2021 and 2022 approximated 326,015,871.5 tons and 330, 408,753.77 tons,
respectively (Figure 1). The world area of cassava in 2021 and 2022 approximated 31,
461, 363 hectares and 320, 430, 055 hectares, respectively (Figure 2) (FAO, 2024).
However, cassava farms faced low productivity and poor returns on investment (Itam et
al., 2015). The sector is characterized by small-scale traditional farming methods with
low modern technologies, and low levels of mechanization, leading to low levels of
productivity (Abang et al., 2000).
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Income distribution pattern over the years has been a major problem in the
determination of the level of economic development and growth (Agwu and Oteh, 2014).
The gap between the lower income households and the upper income households has
widened (Clarke et al., 2003). Income inequality was seen to be higher in the rural areas,
when compared with the urban areas, the employment income increases inequality,
while agricultural income decreases it (Addison and Cornia, 2001). Today, two out of
five sub-Saharan Africans live in extreme poverty, and they do so among the worst
income-wealth inequality (World Bank, 2019b). Economic inequality remains a matter
of concern due to its link to extreme poverty, corruption, political stability, and social
mobility (Bjornlund et al., 2020). The associations between income inequality, poverty,
and growth are particularly important in rural areas, where poverty is most prevalent,
typically above 70%, and where agriculture is the principal source of income (World
Bank, 2019b). Agriculture-driven economic growth can become a vector of poverty
reduction if it is not accompanied by extreme inequality in income and land (FAO, 2003).
Economic inequality, whether in terms of income, expenditure, or wealth has long been
recognized as a major obstacle to poverty reduction at global, national, and continental
levels (Ravallion, 2014). The Gini-coefficient is the most popular inequality measure,
given its relative ease of calculation and comparison across countries and population
sizes (Manero, 2017). Gini -coefficient measure the degree to which the distribution of
income differs from a perfectly equal distribution across all individuals in a group
(World Bank, 2011). Its value ranges from zero (0) to one (1) (from total inequality to
total equality).

The previous and related studies conducted by Donkor et al. (2022) on income
inequality and distribution patterns in cassava value chain in the Oyo State, Nigeria was
analyzed using descriptive statistics, Gini-Coefficient and multiple regression model. The
result reported the estimated Gini coefficients of 0.44, 0.57, 0.79, and 0.73 among the
small-scale cassava farmers, cassava medium scale farmers, cassava processors, and
traders, respectively. The significant factors influencing profits of actors in the cassava
value chains were age, primary education, secondary education, tertiary education,
experience, farm size, labour, and membership of association.

Also, the studies conducted by Manero et al. (2020) on growth and inequality at the
micro scale, an empirical analysis of farm incomes within smallholder irrigation systems
in Zimbabwe, Tanzania, and Mozambique were analyzed by descriptive statistics, and
Gini-coefficient. The estimated Gini-coefficients of 0.61, 0.57, 0.53, 0.61, 0.63 were
reported for Mboka, Silalatchani, Kiwere, Magozi, and 25 Setembro among farmers in
Zimbabwe, respectively.

The study conducted by Baruwadi et al. (2022) on inequality and income structure, a
case study on maize farmer household in Gorontao Regency was analyzed using Gini-
Coefficient, and z-test. The estimated Gini-coefficients of 0.61 and 0.35 were reported for
Limboto and Tabongo. The previous study of Agwu and Oteh (2014) analyzed income
inequalities and food security among farmers in Abia State, South Eastern, Nigeria, the
data were analyzed using Gini-coefficient, food security formula, and multiple regression
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analysis. The result shows the Gini-coefficient was estimated at 0.67, which implies that
there is high income inequality in the study area.

The research gap is that no available data on income inequality among cassava
producers in North central, Nigeria, secondly, no available data on factors influencing
income inequality among cassava producers in the North Central Nigeria utilizing Probit
model.

1.1. Research questions

This study provided answers to the following research questions:

(i)What is the socio-economic profiles of cassava producers?

(ii) What is the income inequality among cassava producers?

(iii) What are factors influencing income inequality among cassava producers?

1.2 Objectives of the study

The main aim of the study is to evaluate factors influencing the income inequality among
farming households of cassava producers in North West, Nigeria. The specific objectives
include:

(i) description of the socio-economic profiles of cassava producers,

(ii)estimation the income inequality among cassava producers, and

(iii)evaluation the predictors influencing the income inequality among cassava
producers in the study area.

2. Materials and Method

This study was carried out in North Central which is comprised of Federal Capital
Territory and Niger State, Nigeria. They are predominantly known for cassava farming.
The study employed a multi-stage sampling technique. The multi-stage sampling
technique was chosen because of flexibility, time and cost-effective, the method helps
cut down the population into smaller groups. The method is useful in collecting primary
data from a geographically dispersed population, since it does not need a complete list of
all members of the target population thereby reducing the sample preparation cost. In
the first stage, Federal Capital Territory and Niger State were chosen using simple
random sampling method. Second-Stage, two area councils were chosen in the Federal
Capital Territory, and two local government areas were chosen in Niger State using
simple random sampling method. Third-stage, two villages were chosen from each area
council and local government area, respectively. The sample frame of cassava producers
approximates 267 respondents. In the fourth and final stage, the total sample number of
cassava producers was randomly selected from the villages which approximate 160
respondents comprising of 80 cassava producers each from Federal Capital Territory
and Niger State, respectively. Primary sources of data were used based on a well-
structured questionnaire that was passed through reliability and validity test. This
sample number was calculated following the estimated formula of Slovin (1960) as

follows:
N 267

n= =160 (1)

T 1+N(e?) ~ 1+4267(0.052)
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Where,

n = The Sample Number

N = The Total Number of Cassava Producers (Number for the 2 States)

e=5%

The data obtained were analyzed using both inferential and descriptive statistics:

2.1 Probit dichotomous regression model (PDRM)

The Probit model is chosen and well-suited for characterizing dichotomous (binary
outcome variable) binomial response variable. The Probit model is based upon the
normal distribution. The Probit model analysis ensures that your estimated probabilities
are between 0 and 1. The Probit model also gives better results when the probabilities
are small or large. The model following the work of Alabi et al. (2014) is explicitly stated
as:

Y =P =ag+ X0 & Zi + - anZn + 4y (2)
Yi =P = ag+ 0121+ ayZy + Q323+ a4, + asZs + agle + U (3)
(1 if Pf>05
i _{0, if Pf<0.5
Where,

Y; = The Dependent Variable, (1, Lower and Moderate Inequality; 0, Higher Inequality)
P/ = Gini Inequality
ao = Constant Term
a; - a¢ = Regression Coefficients
Z, =Age (Years)
Z, = Education Level in Years
Z3 = Amount of Credit Accessed (Naira)
Z, = Farm Experience (Years)
Zs = Farm Size (Hectares)
Z¢ = Number of Extension Contact (Number per Month)
;= Noise Term
2.2 The gini coefficient
The Gini-coefficient is used to calculate the income inequality among farming
households of cassava producers. The Gini coefficient has values ranging between zero
and one. The formula following the work of Taru and Lawal (2011) is stated as:
GC=1- 3L XY, (4)
Where,
GC = Gini Coefficient
X; =Percentage Share of Each Class or Producers
Y; = Cumulative Percentage of their Sales
0 < GC <1 = Gini coefficient varies between zero and one. According to Todaro (2011)
the classification of income inequality using Gini Coefficient (GC) is as follows:
0.20 < GC < 0.35 = Low Inequality
0.35 < GC < 0.50 = Moderate Inequality
GC > 0.50 = High or Extreme Inequality

GC = 0 Perfect Equality
GC = 1 Perfect Inequality
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3.Results and Discussion

3.1 Summary profiles of household head among smallholder Cassava producers

The summary profiles of household head among cassava producers are presented in
Table 1. Approximate, 87% of cassava producers were male, while 13% of the
respondents were female. The mean age of cassava producers is 47 years. This means
that they are strong, young, energetic and resourceful. This result is supported with the
findings of Donkor et al. (2022) who obtained and average age of 48 years among
cassava farmers in Oyo State, Nigeria. Averagely, 92% (SD = 0.48) of cassava producers
were married, while 8% of the respondents were not married. The producers had 12
years’ experience in cassava farming. This result is in line with Gbigbi (2021) who
reported that 5 1.7% of cassava farmers had between 6 - 10 years’ experience in cassava
farming in Delta State, Nigeria.

Table 1. Summary Profiles of Smallholder Cassava Producers

Variables Unit of measurement X; SD

Sex 1, Male; 0, Otherwise 0.87 0.48
Age Years 48 11.16
Marital Status 1, Married; 0, Otherwise 0.92 0.48
Cassava Farming Experience Years 13 6.27
Formal Education Years 12 3.74
Household Size Number 8 2.45
Farm Size Hectare 1.75 0.54
Membership of Cooperatives 1, Member; 0, Otherwise 0.77 0.47

Source: Field Survey (2024), SD = Standard Deviation

The more years of farming experience a farmers have, the higher farm output than
those with lesser years of farming experience. Durojaiye and Ogunjimi (2015) reported
that educated farmers are capable of understanding and evaluating innovations. The
household sizes were large with an average of 8 people per household. This work is in
line with Alabi and Safugha (2022), and Alabi et al. (2022). According to Idrisa et al.
(2012) who documented that large household sizes provide adequate supply of family
labour for activities of farm production. This outcome conforms to the findings of
Oladeebo and Oluwaranti (2012) who reported an average of 8 persons per cassava
farmers in South West, Nigeria. They are small-scale farmers who cultivated an average
farm size of 1.75 hectares of cassava farms. Approximate 77% (SD = 0.47) of cassava
producers belongs to cooperative organization, while 23% of the respondents do not
belong to any cooperative organizations. Membership of cooperatives enables the
cassava producers access credit, share ideas, information, and sell in bulk the cassava
produce. This finding is supported with the outcomes of Bizikova et al. (2020), Manda et
al. (2020), and Olagunju et al. (2021) who reported that the memberships of association
are important social capital for the cassava value chain actors, enabling them to access
to certain economic resources such as training, innovations, credit, and relevant market
information. This study is supported with Donkor et al. (2022) who documented that
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membership of association enables the cassava actors to receive support in the form of
training on innovations and finance from the non-governmental and government
organizations. Moreso, members of association share information on available market,
prices and innovations that enhance their productivity and profit. The collective action
by cooperative members reduce transactions costs and enables cassava actors access to
better markets.

3.2 Estimate of gini coefficient among farming household of cassava producers

Table 2 presents the values of Gini coefficient among farming households of cassava
producers in the study area. Approximately 67 (41.88%) of cassava producers had Gini
coefficient values less or equal to 0.5 this implies that they had low and moderate
income inequality. Similarly, approximately 93 (58.12%) of cassava producers had Gini
coefficient values greater than 0.5, this means that they had high income inequality. This
study is similar to the findings of Taru and Lawal (2011) who obtained Gini coefficient of
0.52 for yam retailers and 0.5 for yam wholesalers in Taraba State, Nigeria. This finding
is also in line with findings of Baruwadi et al. (2022) who obtained Gini coefficients of
0.61 and 0.35 for yam farming households in Limboto and Tabongo Gorontalo Regency,
Indonesia. This result agrees with the findings of Donkor et al. (2022) who obtained the
estimated Gini coefficients of 0.44, 0.57, 0.79 and 0.78 among small-scale cassava
farmers, cassava medium-scale farmers, cassava processors, and traders in Oyo State,
Nigeria. This result is supported with the findings of Agwu and Oteh (2014) who
reported that there is a high income inequality for an estimated Gini-coefficient of 0.67
among farmers in Abia State, Nigeria.

Table 2. Estimates of Gini Coefficient among Farming Household of Cassava Producers

Gini Coefficient Frequency Percentage
<05 67 41.88
> 0.5 93 58.12
Total 160 100.00

Source: Field Survey (2024)

3.3 Factors influencing income inequality among farming households of cassava
producers

Table 3 presented the maximum likelihood estimates of factors influencing income
inequality among farming households of cassava producers. The analysis was done using
Probit model analysis. The log likelihood ratio statistics was estimated at -156.48 which
was significant at 1% probability level, this signifies that the model has strong
explanatory power. The Pseudo R? was evaluated at 0.8709, this means that 87.09% of
the variations in the dependent variable was explained by the stated predictors in the
model.

66



Diizce. Uni. Zir. Fak. Der., c. 2, s. 2, ss. 60-72, 2024

Table 3. The MLEs (Maximum Likelihood Estimates) of the Probit Regression Model

Variables Parameters Coefficient Standard error P> |Z|
Constant ay 0.4306*** 0.1107 0.000
Age a, 0.2803*** 0.1562 0.001
Level of Education a, 0.2168** 0.0852 0.026
Amount of Credit Accessed as 0.2502* 0.1368 0.060
Farm Experience ay 0.2408** 0.1257 0.027
Farm Size as 0.2209*** 0.0561 0.000
Extension Contact g 0.1309** 0.0578 0.028
Diagnostic Statistics

LR,z (6) 96.23%**

Pseudo R? 0.8709

LLF (Log Likelihood) -156.48

Prob > 0.00000%**

Source: Field Survey (2024),
*Significant at (P < 0.10)., **Significant at (P < 0.05), ***Significant at (P < 0.01).

Approximately six (6) predictors were included in the Probit model analysis. All the
predictors had positive coefficient with income inequality of cassava producers. The
significant predictors include age, level of education, amount of credit accessed, farm
experience, farm size, and extension contact. The coefficient of age is positive (0.2803)
and significantly different from zero at 1% probability level. This signifies that 1%
increase in age, while keeping all other variables fixed will give rise to 28.03% increase
in further lowering the income inequality among farming household of cassava
producers. According to Donkor et al. (2022) who reported that the value addition
activities from cassava production to trade in cassava products are labour intensive and
require more energy, therefore, as actors advance in age, they become less active and
their labour productivity tends to reduce. The low labour productivity leads to reduction
in their total output and profit. The observation of the work is supported with the
existing empirical study by Donkor et al. (2019) who reported that age of cassava
farmers reduced their profits in Oyo State, Nigeria. The coefficient of level of education
was 0.2168, and was significant at 5% probability level. This means a 1% increase in the
level of education keeping all other variables constant will give rise to 21.68% increase
in further lowering the income inequality among farming household of cassava
producers. The coefficient of amount of credit accessed was positive (0.2502) and was
significantly different from zero at 10% probability level. This shows that a 1% increase
in amount of credit accessed, while keeping all other factors constant will give rise to
25.02% increase in further lowering the income inequality among farming household of
cassava producers. According to Oyibo et al. (2021) who reported that an increase in
accessibility of credit will lead to a reduction in technical efficiency of the cassava
farmers. Also, Mohammed and Falola (2016) who stated that access to credit affects
input availability and efficiency and those producers who have access to credit tend to
improve their income. The coefficient of farm experience is positive (0.2408) and
significantly different from zero at 5% probability level. This signifies that a 1% increase
in farm experience, while keeping all other factors fixed will give rise to 24.08 increase
in further lowering the income inequality among farming households of cassava
producers. According to Akerele et al. (2019) who reported that farming experience is
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used as a measure of management ability, the more experienced the farmers is, the more
his ability to make farm decision. This study is supported with findings of Donkor et al.
(2022) who documented that farm experience is another important human capital, most
farmers develop agribusiness skills overtime through experience, therefore, farmers use
the knowledge gained through experience to improve their productivity and profit.

Similarly, the coefficient of farm size was estimated at 0.2209 and was significant at
1% probability level. This signifies that a 1% increase in farm size of cassava producers
keeping all other predictors fixed will give rise to 22.09% increase in further lowering
the income inequality among farming households of cassava producers. This result is
consistent with Obayelu et al. (2013) who reported that farm size was positively related
to farm profit of cassava farmers in Ogun and Oyo States, Nigeria. The coefficient of
extension contact is positive (0.1309) and statistically different from zero at 5%
probability level. This means a 1% increase in extension contact, while keeping all other
factors fixed will give rise to 13.09% increase in further lowering the income inequality
among farming households of cassava producers. This study is supported with outcomes
of Mohammed and Falola (2016) who documented that the contact with extension
workers enables the cassava farmers to acquire the technical knowledge as well as to
have access to improved production technology which will make them more efficient,
productive with more profit. This work is also supported with Ofuoku et al. (2006) who
reported that frequency of extension contacts enhanced adoption of improved
technologies in Delta State, Nigeria.

4. Conclusion

This study focused on the factors influencing income inequality among farming
household of cassava producers in North Central, Nigeria. A multi-stage sampling
technique was employed to select 160 farming households of cassava producers. The
sampling frame was 267 cassava producers. Primary data were used for this study. The
data were analyzed using descriptive statistics, Gini coefficient, and Probit model
analysis. The following conclusion were made based on the research questions:

What is the socio-economic profiles of cassava producers?

The cassava producers had a mean age of 48 years. They attended formal education
with an average of 12 years of school education. The average farm size was 1.75
hectares, this shows that they are small-scale farmers based on the classification of farm
holdings in Nigeria by Olayide (1980) who reported that small, medium, and large scale
producers hold 0.1 - 5.99, 6.0 - 6.99, and above 10 ha, respectively.

What is the income inequality among cassava producers?

The estimates from Gini-coefficient revealed that approximately 67 (41.88%) of
farming households among cassava producers had values less or equal to 0.5, this
signifies that they belong to low and moderate income inequality class. Similarly,
approximately 93 (58.12%) of farming households among cassava producers had Gini
coefficient values greater than 0.5, this means that they belong to high income inequality
class. The Gini coefficient is a value ranging from zero to one. The economic inequality
remains a matter of concern due to its link to extreme poverty, corruption, political
instability and social mobility (Rothman, 2015). Approximately two in five sub-Saharan
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Africans live in extreme poverty, they do so amid some of the world severe wealth and
income inequality (World Bank, 2019b). According to World Bank (2019b), the world
most unequal countries by Gini coefficient are South Africa (0.63) (occupies 1st),
Namibia (0.59) (occupies 2nd) heading the list, Nigeria (0.35) occupies 93rd position.
These countries also score among the world’s lowest on the Human Development Index,
a composite of average life expectancy, education, and income (UNDP, 2017). The
associations between inequality, poverty, and growth are particularly important in rural
areas where poverty is prevalent, typically above 70%, and where agriculture is the
principal source of income (World Bank, 2019b). Agriculture-driven economic growth
can become a vector for poverty reduction if it is not accompanied by extreme inequality
include in land and income (FAO, 2003).

(iii) What are factors influencing income inequality among cassava producers?

The significant predictors influencing income inequality among farming households
of cassava producers include age, level of education, amount of credit accessed, farm
experience, farm size, and extension contact. Based on the findings the following
recommendations were made:

(i) Credit facilities at low interest rate should be giving to cassava producers to increase
productivity and income. The credit facilities should be accessed devoid of cumbersome
administrative procedures

(ii) The fertilizer input, agrochemicals, improved cuttings should be made available to
cassava producers at affordable prices to increase productivity and income.

(iii) Extension contact should be employed to disseminate research findings and
innovations to cassava farmers.

(iv) Farm land should be made available to youths, and farmers with appropriate farm
technologies for mechanized farming to increase productivity should be presented
concisely.
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Topraktan izole edilen antagonist bakterilerin Xanthomonas
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MAKALE BILGISI OZET

Makale Geemisi: Bu c¢alismada, Dizce ilinin farkl ilgelerinde toprak ornekleri alinmis ve
,33’;5;,.237',,”?-02%;‘4 Xanthomonas arboricola pv. juglandis L.'e kars1 in-vitro da biyolojik miicadele ajani
Cevrimigi mevcut: 18.12.2024 olarak kullanilmak iizere antagonist aktivite gosteren bakteriler taranmistir. Izole

edilen 10 adet aday antagonist bakteri morfolojik ve biyokimyasal 6zelliklerine
yonelik farkli tanimlama testlerine tabi tutulmustur. Antagonistik etkiye sahip
olabilecegi diislinlilen bakteri izolatlar1 saflastirildiktan sonra ikili kiiltir
ortaminda olusturduklar1 inhibisyon zonlar1 3 tekerriirli olacak sekilde
ol¢tilmistiir. 10 adet izolatin farkli oranlarda (0,1- 2,1cm) engelleme zonlari

Anahtar Kelimeler: olusturduklari tespit edilmistir. Inhibisyon zonu olusturmada en etkili izolat 2,1cm
Ceviz ile C1 olurken, G3-1 ve Cal2-1 izolatlarinin inhibisyon zonu olusturamadig:
?g"’r’g{(’k miicadele gozlemlenmistir. Ancak Cal2-1 izolat1 her ne kadar kiiltiir ortaminda gelisemese de
xgﬁthomo,,as arboricola pv. ortama floresan madde salgilamistir. Elde edilen sonuglar Xanthomonas arboricola
juglandis L. pv. juglandis L. ile miicadelede antagonist bakterilerin biyolojik miicadele etmeni

olarak kullanilabilecegini gdstermistir. Calismada kullanilan izolatlarin
tanimlanmasi ve in-vivo etkinliklerinin belirlenmesine yonelik daha ¢ok c¢alisma
yapilmaldir.

Investigation of the possibilities of using antagonist bacteria isolated from
soil in biological control against Xanthomonas arboricola pv. juglandis L.

ARTICLE INFO ABSTRACT

drticle history: Soil samples were taken from different districts of Diizce province and bacteria
ﬁiiigﬂig,iﬁ_‘}%_zz%zzi that could be used as biological control agents against Xantahomonas arboricola pv
Available online: 18.12.2024 juglandis were screened. The 10 isolated antagonist bacteria were subjected to

different identification tests for their morphological and biochemical properties.
After the bacterial isolates, which were thought to have an antagonistic effect,
were purified, the inhibition zones they formed in the double culture medium
were measured in 3 replicates. It was determined that 10 isolates formed

Keywords: inhibition zones at different rates (0.1-2.1 cm). While the most effective isolate in
Walnut creating an inhibition zone was C1 with 2.1cm, it was observed that G3-1 and Cal2-
g:;?llogmal control 1 isolates could not create an inhibition zone. Although the Cal2-1 isolate could not
Xanthomonas arboricola pv. grow in the culture medium, it secreted a fluorescent substance into the medium.
juglandis L The results showed that the isolated bacteria could be used in biological control

with Xantahomonas arboricola pv juglandis. More studies should be done to
identify the isolates used and determine their in-vivo activities.

1.Giris

Sert kabuklu meyveler arasinda yer alan cevizin (Juglans regia L.) ticareti kabuklu ve
kabuksuz olarak yapilmaktadir. Yapraklari, govdesi, kokleri ve meyvesi ¢esitli alanlarda
kullanilan cevizin yliksek oranlarda yag icermesi onu ila¢g ve kozmetik sanayide sikc¢a

*Sorumlu Yazar e-mail: iremaltin@duzce.edu.tr
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tercih edilen bir triin yapmistir. FAO 2019 yili verilerine gore ceviz sert kabuklu
meyveler icerisinde diinyada alan olarak %9,3’liik pay ile ilk ii¢ icerisinde yer almakta
olup, tiretim miktar1 bakimindan ise %25,8lik pay ile birinci sirada yer alir. Diinyanin en
buiytik ceviz iireticisi olan Cin'in 2019 yilinda ceviz uretimi %5,7 artis gostererek 2,5
milyon tona ulagsmistir. Cin’den hemen sonra 592 bin ton ceviz tiretimi ile ikinciligi ABD
alir. Turkiye ise %5,0'lik pay ile ceviz liretiminde dérdinci sirada yer almaktadir. Ceviz
tiretim alanlarinin %48,4’ti Cin, %11,3’4 ABD, %9,5’ini Turkiye olusturmaktadir. 2020
yilinda Tiurkiye’'de ceviz tiretim alanlar1 2019 yilina gore %13,8 oraninda artarak 142
bin ha alanda gerceklesmistir. Ulkemizde ceviz iiretim alanlan incelendiginde en fazla
tretim alani 110 bin dekar ile Denizli ilindedir. Denizli’yi 94 bin dekarla Manisa, 84 bin
dekarla Bursa izlemektedir. En fazla meyve veren agaca sahip il ise 643 bin adet ile
Denizli ilidir. Denizli’yi 611 bin adetle Corum, 582 bin adet Kahramanmaras
izlemektedir. Ulkemizde ceviz dis ticaretinde rekabet giiciiniin diisiik olmas, liretimin
yurt ici tiikketime yonelik olmasi, diinya piyasalarina kaliteli ceviz liretiminde yetersiz
kalmasi, pazarlama karmasina gore faaliyet gosterecek birliklerin etkin olmamasi1 gibi
nedenlerle ithalat¢i tilke konumunda oldugu goérilmektedir ve tilkemizde yapilan ceviz
liretimi ne yazik ki tilkemizin ceviz ihtiyacini karsilayamamaktadir (Anonim, FAO, 2019).

Ceviz Uretiminde biiyiik zararlara yol acan etkenler incelendiginde ana hastaliklar
konumunda olan bakteriyel kdkenli Ceviz Bakteriyel Yaniklig1 (Xanthomonas arboricola
pv juglandis) ve fungal kokenli Ceviz Antranknozu (Gnomonia leptostyla) liste basinda
yer alir. Bunun yaninda ikincil zararlara veya dogrudan zarar neden olan Armillaria sp.,
Phytophytora sp, Kiilleme (Phyllactinia guttata ve Erysiphe (sect. Microsphaera) sp.) ve
Agrobacterium tumafaciens, Pseudomamanas syringae pv. syringae gibi hastaliklarda
gozlemlenebilir. Genel olarak ciceklerin dokiilmesi, geng¢ siirgiinlerin kurumasi,
yapraklarda nekrotik lekeler ve sekil bozukluklar gibi zararlara neden olurlar.

Xanthomonas arboricola pv. juglandis L. iilkemizde ceviz iiretiminde ciddi triin
kayiplarina yol acan 6nemli bir bakteriyel hastaliktir ve etmenin tek konukgusu cevizdir.
Hastalik basta Avustralya olmak tlizere Yeni Zelanda, Kuzey ve Giliney Amerika, Cin,
Rusya, Irak, iran, Giiney Afrika, Arjantin ve cevizin yetistirildigi bircok Avrupa iilkesinde
goriilmektedir. Ulkemizde bilimsel bir kayit olmamasina ragmen Karaca 1966 yilinda
Karadeniz Bolgesi'nde bu hastaligin belirtilerini gordiigiinii belirtmistir (Karaca, 1974).
Ozaktan ve arkadaslar tarafindan yiiriitiilen bir proje kapsaminda 2007 yilinda hastalik
etmeni bakteri izole edilmis ve kesin tanis1 yapilmistir (Ozaktan ve ark, 2007). Ozellikle
Marmara Bolgesi’'nde kapama ceviz bahgelerinin oldugu alanlarda hastaligin oldukca
yikic1 zararlara yol actifi gozlemlenmistir. Etkilenen ceviz bahcelerinde %50'nin
lizerinde tiriin kayiplarinin oldugu bilinmektedir (Maragrega ve ark, 2007).

Cevizde cicek, siirgiin, meyve ve yaprak gibi cogu aksamda zarar olusturan bakteri
baslangicta yaprak dokular: (parankima, yaprak damarlari ve yaprak sapi) icine yerlesir.
Ilk zamanlarda parankimada goriilen kiiciik kahverengi- siyah lekeler zamanla geliserek
yaprak damarlan ile smirlandirilmis 2-3 mm’lik koseli lekelere dontstir. Lekeler
cogalarak yapragin tim yiizeyini kaplar ve fotosentetik yiizey kaybina neden olur.
Yapraklarda sekil bozuklugu ve deformasyonlar gézlemlenir. Meyve olusumunun ilk
asamalarinda ¢igek ve meyve hastaliga karsi oldukca hassastir. Yiizeyde kii¢iik siyah yag
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yesili lekeler gozlemlenebilir. Bu safhalarda yasanan enfeksiyonlar sonucu yiliksek
oranlarda meyve dokimi yasanir. Yesil meyve kabugu tlizerinde gozlemlenen siyah
lekeler zamanla artarak curiikliikler meydana getirir. Kabukta bulunan lekeler ilerleyen
asamalarda cevizin icine dogru ilerleyerek cevizin renginde degisimlere ve tadinda
acilasmalara neden olur. Agac¢ lizerinde bulunan tiim erkek ve disi cicekler hastaliga
kars1 hassas yapilar olduklarindan tamamen kuruyup kararir. Erken ilkbaharda yasanan
donlarda hastaligin siirgiin ve yesil tomurcuklarda olusturdugu yaniklik hastaligin tipik
bir belirtisidir. Fidanlarin heniiz tam olarak gelismeyen savunma yapilarin1 kolayca
asabilen patojen bu savunmasiz donemden faydalanarak siddetli enfeksiyonlara ve
olimlere neden olur. Agac¢larin biitiin déonemlerinde hastalik olusturabilme kabiliyeti ile
patojen tiim donemlerde zarar olusturabilir. Ozellikle fide dénemleri, meyvelerin ilk
olustugu safhalar ve cicek agma donemleri gibi daha hassas donemlerde patojenin
olusturdugu zarar daha fazladir. Ciceklenme déneminde ¢igeklerin kararip kurumasina,
yeni olusan meyvelerde lekeler olusturarak ciiriikliiklere, meyvede renk degisimi ve
tadinda acillasma gibi zararlara neden olur. Tiim bu zararlarin sonucunda yiliksek
oranlarda meyve dokiimi ve verim kaybi yasanir. Ayrica patojenin neden oldugu
Bakteriyel Ceviz Yanikligi Hastaliginin, Marmara Boélgesi'nde uygun hava kosullarinda
siddetli epidemi yapabildigi bildirilmistir (Ozaktan ve ark, 2007).

Ekonomik degeri yiiksek olan ceviz iiretiminde bu denli biiyiik {irtin kayiplarina yol
acan Xanthomonas arboricola pv. juglandis ile mutlaka zirai miicadele etmek gerekir.
Hastalik etmeni kisi uyuyan gozlerde gecirmesinden dolay1 yapilacak miicadele
uygulamalar1 daha sinirhdir. Etmenin miicadelesinde daha ¢ok bakirli preparatlar,
hastalikli dallarin ve siirgiinlerin kesilip uzaklastirilmasi ve hastaliga kars1 dayanikh
cesitlerin kullanilmasi onerilmektedir. Kimyasal miicadelede kullanilan pestisitlerin
neden oldugu kalinti, dayaniklilik ve dogal kaynaklarinin Kkirlenmesi goz Oniine
alindiginda uzun yillar kullanimi geri doniisii olmayan sorunlara yol a¢maktadir.
Ozellikle kullanilan genis spektrumlu pestisitler ortadan kaldirilmak istenen patojenin
yanisira pek cok faydali mikroorganizmay1 yok etmektedir. Bilindigi kadariyla kullanilan
pestisitlerin genellikle %0,1’i hedef mikroorganizmaya ulasir ve geri kalan kismi toprak
ve su gibi 6nemli kaynaklarin kirlenmesine yol acar (Sande vd., 2011 ve Mahmoud vd,,
2016). Tim bu zararlar goz oniline alindiginda Xaj ile miicadelede alternatif yontemler
bulmak ¢ok Onemlidir. Bu asamada kiiltiirel ve biyolojik miicadelenin 6nemi
artmaktadir.

Dogada karsilastigimiz sorunlarin ¢6ziimleri yine dogada yer almaktadir. Var olan
sorunun ¢Ozimini ¢ok uzaklarda aramak yerine, asil sorunun var oldugu yere
odaklanmak ¢6ziim bulmak i¢in daha iyi bir yol olacaktir. Patojen ve antagonist
mikroorganizmalar arasindaki iliski bu durumun en giizel érnegidir (Bora ve Ozaktan,
1998). Biyolojik miicadele esasen dogada bulunan zararh popilasyonlarin yine dogada
ayni ortamda bulunan dogal diismanlari ile kontrol altina alinabilecegini savunur ve
bunu yaparken ayni ekosistem icerisinde bulunan tiim canlilarin faydasin1 gozetir.
Biyolojik miicadelenin tarihine séyle bir bakacak olursak ilk uygulamalarin Entomoloji
bilim dalinda yapildigin1 gérmiis oluruz. Bunun nedeni zararli ve yararli boceklerin
etkilesimlerini gorme kolayhigidir. Fitopatolojide ise biyolojik miicadelenin dikkat
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cekmeye baslamasi1 1920’li yillara dayanmaktadir. Yesil glibre kullanimina baslanmasi
ile patates uyuz hastaligl etmeni Streptomyces scabies’in baskilanmasi biyolojik
miicadelede onemli bir baslangi¢ olmustur. Yesil giibre kullanimi sonucu ortamdaki
mikroorganizma sayisindan yasanan artis ile patojenler c¢esitli mikroorganizmalar
tarafindan baskilanmistir. Patojen ve antagonist mikroorganizmalar arasindaki iligkinin
laboratuvar kosullarinda arastirilmaya baslanmasi yaklasik olarak 1940’ yillan
bulmustur. In-vitro olarak baslayan ¢alismalar imkanlar ve sartlar gelistikce in-vivo’da
saksi denemeleri ile devam etmistir. Fitopatolojide her ne kadar bazi arastirmacilar bu
konuyu ‘bitmeyen senfoni’ olarak degerlendirseler de glinlimiizde aktif olarak kullanilan
biyopreparatlarin etkinligi biyolojik miicadelenin tarimsal miicadelede ne kadar etkili
olabileceginin kanitin1 olusturmustur (Ozaktan H. ve ark, 2010).

Ekolojik denge acisindan daha doga dostu bir miicadele yontemi olan biyolojik
miicadelenin gelistirilmesi ve kullanilacak ajanlarin alternatiflerinin ¢ogaltilmas1 Xaj ile
miicadelede olduk¢a 6nemlidir.

Literatiir incelendiginde yapilan bir¢ok ¢alismada biyolojik miicadelenin Xaj’a karsi
etkinligi kanitlanmistir. Ornegin Yoriik ve Mirik 2018 yilinda yaptiklar1 bir ¢alismada
ceviz yapraklarindan izole ettikleri aday antagonist bakterilerin Xaj’a kars1 bakteriyel
biiylimeyi baskilayabilme yetenekleri ve antagonistik potansiyelleri arastirmislardir.
Izole edilen 109 adet bakteri izolati ile in-vitro kosullarda ikili kiiltiir denemesi
yapilmistir. Test sonucunda saptanan verilere gore 80 adet izolatin farkl boyutlarda (5-
30mm) inhibisyon zonu olusturdugu gézlenmistir (Yériik ve Mirik, 2018 ). Ozaktan 2012
yilinda yaptig1 bir ¢alismada saglikl ceviz agaclarinin filoplanindan izole ettigi 35 aday
antagonist bakterinin Xaj'a karsi in-vitro da biyolojik kontrol aktivitelerini arastirmistir.
Kullandig1 antagonistik izolatlarin yaklasik %60’1 patojeni %44 ila %77 oraninda
baskilamistir. Calismanin devaminda kurdugu bir in-vivo denemede ceviz fideleri
kullanmis ve gozlemlerine dayanarak 4 antagonist izolatin patojeni 6nemli oranda
(%41-%82) baskiladigini belirtmistir. WH77/1, WH68 ve WH48/1A izolatlan fide
testinde en etkili izolatlar olup, birbirini izleyen iki yilda sirasiyla %55, %42 ve %82
hastalik azalmasi sagladi gézlemlenmistir. Bu izolatlar, biyokimyasal ve fizyolojik testler
temelinde gecici olarak Pseudomonas fluorescens olarak tanimlamistir. P. vagans izolati
C9/1 ajani, yapraklardaki bakteriyel yanikligin siddetini %71 oraninda azaltmistir. Ceviz
yapraklarina yapilan Prohexadione-Ca (Pro-Ca) uygulamalar1 sonucu yaniklik
semptomlarin1 %66 oraninda azalttign gézlemlenmistir (Ozaktan ve ark, 2012). Baska
bir calismada ise Fu ve ark, 2021 yilinda Xaj’a kars1 biyolojik miicadele ajanlarini
arastirmak icin 87 bitkiden 152 adet endofit bakteri izole etmislerdir. Sirasiyla
Amaranthus tricolor, Bambusa multiplex, Canna indica ve Osmanthus fragrans
bitkilerinden 4 antagonist bakteri izole etmislerdir bunlar ATE17, BME17, CIE17 ve
OFE17'dir. Izolatlarin kiiltiir ortaminda Xaj’a kars1 olusturduklar1 inhibisyon zonlar
sirasiyla 1.5, 1.6, 1.3 ve 1.6 cm’dir. Basarili bulduklar1 izolatlar ilizerinde yaptiklari
tanimlama testleri sonucu izolatlarin Bacillus spp. olarak tanimlamislardir ve
aralarindan iki izolatin (BME17-OFE17) ¢ok sayida bitki patojeni fungus ve bakteri
tzerinde gelismeyi baskilayic1 potansiyele sahip olduklarini belirtmislerdir (Fu ve ark,
2021). Kiltir ortaminda oldukea etkili inhibisyon zonu olusturan bakteriyel izolatlarin
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dogal kosullarda da aymi etkinlige sahip olup olmadigini teyit etmek icin yapilacak in-
vivo denemeler, Xaj ile biyolojik miicadelede kullanilacak alternatif mikroorganizmalarin
bulunmasi adina ¢ok 6nemlidir.

2. Materyal ve Metot

Calismada Diizce Universitesi Ziraat Fakiiltesi Bitki Koruma Boliimii
laboratuvarlarina ait Xanthomanas arboricola pv. juglandis izolati, otoklav, inkibator,
etliv, hassas terazi, manyetik karistiric, steril kabin, effendorf, rock, 6ze, mikro pipet,
mikrodalga, buzdolab1 ve Diizce ilinin farkli ilgelerinden alinan (Cilimli, Giimiisova,
Akcakoca, Kaynash ve Merkez) toprak ornekleri kullanilmistir. Toprak 6rneklerinden
izole edilen antagonist bakterilerin saflastirma islemleri icin King B (Litrede 20 g
proteose pepton, 10 ml gliserin 1.5 g K2ZHPO4, 1.5 g MgS04.- 7H20 ve 15 g agar) (King
ve ark., 1954), SBC, ROSE ve ISP-2 gibi farkli besi yerleri kullanilmistir. izolatlarin +4
derecede uzun streli muhafazas1 icin LB besi yeri kullanilmistir. Saghkl bitki
koklerinden alinan toprak ornekleri polietilen torbalar igcine doldurularak laboratuvara
getirilmistir. Her toprak 6rneginden 10 g tartilarak 90 ml nutrient broth (NB) igerisinde
2-3 saat stireyle 150 rpm hizla orbital ¢alkalayicida calkalanmistir (Sekil 1.a). Her
stispansiyondan 1 ml alinarak icerisinde 9 ml NB bulunan bulunan tiiplere aktarilmistir.
Bu sekilde her bir 6rnekten ayri ayr1 seyreltme serileri olusturulmustur. Son iig
seyreltme serisinden 100 er pl alinarak 3 tekerriirlii olacak sekilde NSA iceren petrilere
steril baget ile yayilmistir. Petriler 48 saat 26 °C de inkiibe edilmis ve farkl koloni
morfolojisine sahip bakteriler saflastirilmistir (Sekil 1.b).

Sekil 1.(;1‘;"’1"0prak ornekleri. Sekil 1.(b) Saflastirma islemi

Elde edilen izolatlarin cesitli 6zelliklerini saptamak icin bir dizi test uygulanmistir.
Izolatlarin patojen olabilme risklerine karsilik tiitiinde hipersensitif reaksiyon testi
yapilmistir. Koloni morfolojilerine gore antagonist olabilecegi diisiiniilen izolatlarin
hipersensitif reaksiyonu (HR) gézlemlemek i¢in tiitiin (Nicotiana tabacum cv. Samsun N)
bitkisinin yapraklarinin alt yiizeyine damar aralarina aday antagonist bakterilerin 108
cfu/ml yogunlugundaki siispansiyonu infiltre edilmistir. 24-36 saat icerisinde bakteri
infiltre edilen alanlarda nekrotik bir gériinlim olusturmayan izolatlar HR negatif olarak
kabul edilmis ve aday antagonist bakteri olarak degerlendirilmistir (Sekil 2) (Klement ve
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Goodman, 1967). 24-36 saat sonunda tiitlin bitkisi yapraklari tizerinde nekrotik alanlar
olusturan izolatlar HR pozitif olarak degerlendirilmis ve bu izolatlarin biyolojik
miicadelede kullanim olanaklar1 arastirilmamistir. Calismada pozitif kontrol olarak
Pseudomonas cichorii kiltlirit kullanilmistir. HR negatif olan izolatlar daha sonraki
calismalarda kullanilmak tizere YDCA besi yerinde inkiibe edilip +4 °C de buzdolabinda
muhafaza edilmistir. izolatlarin gram reaksiyonlarim1 belirlemek amaciyla Potasyum
Hidroksit Testi (KOH) yapilmistir. Taze hazirlanan %3’lik potasyum hidroksit
soliisyonundan lam iizerine bir damla damlatildiktan sonra 24-48 saatlik X. arboricola
pv. juglandis izolatlarindan steril 6zeyle alinan bakteri, soliisyona dairesel hareketlerle
karistirilmistir. 15-20 saniye sonra 6zenin yukar1 kaldirilmasiyla viskoz bir yapinin
olusmasi bakterilerin Gram negatif oldugu sonucunu gostermistir (Sands, 1990). Pozitif
kontrol olarak Clavibacter michiganensis subsp. michiganensis kiltiriu kullanilmistir.
Daha sonra izolatlarin katalaz reaksiyonlarini gézlemlemek icin lam tizerine 30 pl
%3’liik H202 ¢ozeltisi damlatilmistir. Bakteri izolatlarinin 6ze yardimiyla H202 ¢ozeltisi
ile karistirilmasi sonucu gaz ¢ikisi olup olmadig1 gozlenmistir. Gaz ¢ikis1 olmasi pozitif
reaksiyon, olmamasi ise negatif reaksiyon olarak degerlendirilmistir (Klement ve ark.,,
1990). Bu test icin Xanthomonas campestris pv. vesicatoria pozitif kontrol olarak
kullanilmistir.
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Sekil 2. Tiitlin bitkisinde HR testi

Yapilan morfolojik tani1 testlerden sonra antagonist bakteri izolatlarinin patojen
bakteriye karsi antimikrobiyal aktivitesini belirlemek icin NSA besi yeri iceren petriler
kullanilmistir. Oncelikle NSA besi yeri iceren ortamda patojen bakteri 24 °C’de 1-2 giin
stire ile gelistirilmistir. Potansiyel antagonist aday1 bakteriler de Nutrient Agar (NA)
iceren petrilere ekilerek 24 °C’de inkiibasyona birakilarak 24 saatlik taze kiiltiirleri elde
edilmistir. Gelisen taze bakteri kultiirleri steril 6ze ile alinarak sdH:0 ile siispanse
edilmis ve bakteriyel hiicre konsantrasyonu 1x108 cfu/ml'ye ayarlanmistir.
Konsantrasyonlar1 ayarlanan antagonist bakterilerden 20 pl pipet yardimi ile alinarak
icerisinde NSA besi yeri bulunan petrilere nokta seklinde tli¢ kez olacak sekilde
birakilmistir. U¢ nokta bakteri inokulasyonu yapilan petrilere patojen bakterinin 106
cfu/ml konsantrasyonundan piskiirtilmustiir. Petriler 24-36 saat siire ile 24 °C’de
inkiibasyona birakilmistir. Bu siire sonunda aday antagonist bakterilerin olusturdugu
engelleme boélgesinin ¢api 6l¢iilmiistiir. Her bakteri 3 tekerriir olarak test edilmis ve elde
edilen degerler yardimiyla antagonist bakterilerin olusturdugu etkileri belirlenmistir
(Tekiner ve ark., 20).
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3. Bulgular ve Tartisma

Calisma sonucunda elde edilen veriler incelendiginde izole edilen bakterilerin
antagonistik etki gosterdigi gozlemlenmis ve Xaj ile biyolojik miicadelede kullanilabilme
potansiyeline sahip olduklar: disiiniilmektedir (Tablo 1).

Tablo 1. izolatlarin tani testleri tablosu

izole

izolatNo izolasyon Tarihi Edildigi Ornegin Gram Katalaz Hipersensitif
Materyal Lokasyonu Reaksiyon Testi Reaksiyon
G2-5 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G2-2 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G2-4 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G2-3 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
M1-3 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G4-2 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G3-1 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
G4-1 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
C1 11/10/2022 Toprak Diizce Negatif Pozitif Negatif
Cal2-1 11/10/2022 Toprak Diizce Negatif Pozitif Negatif

Laboratuvarda yapilan in-vitro ¢alismada kullanilan bakteri izolatlar1 arasinda en
genis inhibisyon zonu olusturarak patojeni baskilamada en iyi sonug¢ veren izolat C1
(2,1cm) nolu izolat olmustur. Bunun yaninda kimi izolatlarda kiiltliir ortaminda
antagonist bakterilerin hi¢c gelismedigi (Ornegin; G3-1, Cal2-1 gibi) gdzlemlenmistir.
Diger izolatlar da ise 0,1 ve 2,1 cm degerleri arasinda degisen inhibisyon zonlar
olusmustur (Tablo 2). Izolatlar arasinda digerlerinden farkl olarak Cal2-1 izolat: kiiltiir
ortamina floresan madde salgillamistir. Literatiirde yapilan benzer c¢alismalar
incelendiginde alinan sonuclarin bu g¢alismadaki sonuglar eslestigi gorilebilir. 2018
yilinda yapilan bir ¢alismada izole edilen 109 izolatin yaklasik 80 tanesi 3,4-30mm
arasinda engelleme zonu olusturmustur (Yorik ve Mirik, 2018). Bu ¢alismada ise ise
oOlciilen en biyiik inhibisyon zonu 2,1cm olarak tespit edilmistir. 2021 yilinda yitrttilen
bir calismada ise 152 bakteri taradiktan sonra 4 farkl bitkiden, 4 antagonist bakteri elde
edilmistir. Bunlar ATE17, BME17, CIE17, OFE17. Sirasiyla olustuklar: inhibisyon zonlari
ise 1.5, 1.6, 1.3, 1.6’cm olarak tespit edilmistir (Fu ve ark, 2021).

Tablo 2. inhibisyon zonu élgiimleri

Ortalama Zon

izolat no Zon Cap1 1(cm) Zon Capi 2(cm) Zon Cap1 3(cm) Cap1
G2-5 0,1 0,1 0,1 0,1
G2-2 0,6 0,3 0,4 0,4
G2-4 0,5 0,4 0,1 0,3
G2-3 0,2 0,1 0,1 0,1
M1-3 0,2 0,4 0,6 0,4
G4-2 0,5 0,4 0,5 0,4
G3-1 - - - -
G4-1 0,2 0,6 0,2 0,3
Cal2-1 - - - -
C1-1 0,1 0,1 2,1 0,7

Yapilan bu c¢alisma ve oOnceki calismalar incelendiginde sonuclarin paralellik
gosterdigi gorilmektedir. Bu nedenle Xaj’a karsi yapilacak miicadelede alternatif yollar
ararken antagonist bakterilerin kullanimi hastalig1 baskilamada etkili olacaktir.
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4. Sonuglar

Calisma kapsaminda Xaj ile biyolojik miicadelede kullanilan antagonistlerin patojeni
tamamen baskilayacak kadar etkili sonuglar vermesi, umut veren miicadele
yontemlerinin olabilecegini ve bu konu tizerinde daha ¢ok ¢alisma yapilmasi gerektigini
gostermistir.

Cikar Catismasi Beyani
Herhangi bir ¢cikar catismasi yoktur.
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were examined and indicators such as the ratio of cultivated agricultural area to
tractor power (kW/ha), the number of tractors per 1000 hectares of cultivated
agricultural area (tractor/1000 ha) and the cultivated agricultural area per

Keywords: tractor were used to determine the level of agricultural mechanisation. In this
Agricultural mechanisation study, the linkages between tractor power and tractor density were analysed
Tractor park

and the number of tractors entering and leaving the farmers' agricultural
machinery park over the years were taken into account. It is concluded that
tractor economic life and park renewal rate is an important criterion as an
indicator of the level of agricultural mechanisation in Tiirkiye and suggestions
for solutions to tractor park problems are given respectively.

Agricultural mechanisation level
Variety of agricultural machinery

Tirkiye'nin tarim makinalar1 cesitliligi ve tarimsal mekanizasyon
diizeyine iligkin bir 6rnek ¢calisma

MAKALE BiLGisi OZET

Makale Gegmisi: Bu ¢alismada, Tiirkiye'de tarimsal uygulamalarda kullanilan makine cesitleri ve
2211;310371112(2)3 4 tarimsal mekanizasyon dizeyinin ozellikleri aragtirilmistir.  Caligmada
Cevrimici mevcut: 18.12.2024 kullanilan tiim veriler Tirkiye Istatistik Kurumu (TUIK), Ulusal Traktor
Bayiileri ve Emniyet Genel Midirligi'nin yaymladigi veri tabanlarindan
alinmistir. Tirkiye'de kullanilan traktdr sayisi, tarim alet ve makine sayisi,
tarim makine cesitleri incelenmis ve ekili tarim alaninin traktér giiciine orani

(kW/ha), 1000 hektar ekili tarim alanina diisen traktor sayisi (traktér/1000 ha)

Anahtar Kelimeler: ve traktor basina diisen ekili tarim alani gibi géstergeler tarimsal mekanizasyon
Tarimsal mekanizasyon diizeyini belirlemek i¢in kullanilmistir. Bu ¢alismada, traktdr giicii ile traktor
Traktér parki yogunlugu arasindaki baglantilar incelenmis ve ¢iftcilerin tarim makine parkina
Tarimsal mekanizasyon seviyesi yillar itibariyla giren ve ¢ikan traktor sayilari dikkate alinmistir. Tirkiye'de

Tarim makinalar: cesitliligi tarimsal mekanizasyon diizeyinin bir géstergesi olarak traktér ekonomik émrii

ve park yenileme oraninin dnemli bir kriter oldugu sonucuna varilmis ve
sirasiyla traktor parki sorunlarina yonelik ¢6ziim 6nerileri sunulmustur.

1. Introduction

Agricultural machines are used for many different applications, such as tillage,
sowing, irrigation, harvesting, storage and processing. For example, tractors are power
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machines which used to drive agricultural machines for performing the basic tasks of
agriculture. The developments on agriculture and increased productivity is critical for
the growth of the world's population and satisfy the need for food. Agricultural
machines play important role in modernizing agriculture and making it more efficient.
By reducing human labour, increased productivity and enable more field work time can
be achieved with these machines.

Global population growth and limited natural resources pose a major threat to all
countries. Nowadays, factors such as pandemics, wars, conflicts and climate changes
have once again emphasized the critical role of food in human life. The fact that
countries that are producers of food and agricultural products have given priority to
their own citizens and restricted the sales of these products has had the effect of leading
countries that are suppliers to search for new product types and productivity enhancers.
Unfortunately, in a country where agricultural land is shrinking, increasing crop
production efficiency is of vital importance. In this context, increasing agricultural
productivity involves improvements in two main elements: product efficiency and input
costs. Agricultural mechanization offers significant benefits in agricultural activities by
saving time, reducing human labour and energy costs at every production stage.
Furthermore, mechanization plays an influential role on product quality and
productivity. Therefore, increasing the level of agricultural mechanization should be
among the priority strategic objectives of all countries (Ozgiiven et.al 2010).

Agriculture contribute to employment, exporting and the all other industries in
Turkiye. The utilization rate of Turkiye's land vary depending on the characteristics of
climate and landforms. Although high mountainous areas have a large area, the
utilization of the land here is quite limited due to the high number of steep slopes. While
36% of country's land consists of cultivated and planted areas, 32% consists of
meadows and pastures, 26% of forests and 6% of settlements and bare rocks unsuitable
for agriculture. Nowadays, due to high technological mechanization methods and
machines in agriculture, meadow and pasture areas have shrunk, while agricultural
areas continue to expand.

The agricultural sector occupies an important place in Tiirkiye's economic projection.
According to 2011 data, the sector employs approximately 6.1 million people and
generates an income of USD 62.7 billion. Moreover, in 2014, Tiirkiye has been exported
1707 different types of agricultural products to 190 countries and the total value of
these exports amounted to 18.7 billion dollars (Turkish Agriculture and Forestry
Ministry-2023).

The decline in the number of people working in the agricultural sector has been in
line with the increase in the labour force in the service and industrial sectors. While
agricultural employment rate was 50.6% in 1980 it continuously dropped to 34.3% in
2003, 25.5% in 2011 and men employment rate %15.5 and women employment % 30.7
(Turkish Agriculture and Forestry Ministry-2023). Although the agricultural sector had
a 42.8% rate in GNP in the early years of the Republic, this rate has declined over time
from 36% in 1970 to 25% in 1980, 16% in 1990, 13.5% in 2000, 12.6% in 2003 and
finally 8.1% in 2011. The percentage rate of agricultural products in imports has also
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increased. Rate of change was 0.6% in 1980, 7.3% in 2011and %15.9 in 2023 (Turkish
Exporter’s Assembly-2023). In 2022, cereals and other vegetable crops (excluding
fodder crops) increased by 14.6%, while fruits, beverages and spices increased by 7.7%.
However, vegetables decreased by 0.5%. Thus, cereals and other crops produced 70.2
million tons, vegetables 31.6 million tons, and fruits, beverages and spices 26.8 million
tons.

This study provides an overview of the types and importance of agricultural
machinery. These machines contribute to the growth of the agricultural sector and
increase food production. Agricultural machineries are indispensable tools to feed the
world's population by ensuring that agricultural applications more efficient.

In this study, statistical sources for determining agricultural mechanisation levels compiled
by the Turkish Statistical Institute (TurkStat) and relevant data provided by the Ministry of
Agriculture and Forestry are included. These data contain information such as the values of
cultivated area, number of tractors, harvesters and agricultural machinery throughout Tiirkiye
and specific to geographical regions. Agricultural machinery types are analysed in detail
under classification and their contribution to agricultural processes. A series of indicators
were identified to assess the level of tractor-based mechanisation. These indicators include
tractor power per unit area (kW/ha), number of tractors per unit area (number of tractors/1000
ha), agricultural area per tractor (ha/tractor) and average tractor power (kW). Among these
indicators, tractor power per unit area (kW/ha) is the most widely used indicator to explain the
current situation and to draw comparative conclusions. In addition, other criteria used to
assess the level of tractor mechanisation include factors such as the number of agricultural
machinery and implements per tractor, preferred energy sources in the agricultural sector, and
the average duration of use of tractors.

2. Materials and Methods

In this study all materials supplied from public open governmental databases and
related sector suppliers. Data are classified and then refined according to their trust
ratios. Each data set analyzed and regroup according to sections which are used for
determine mechanization level of Turkiye. Values according to tractor axle and
horsepower distribution regrouped under some common ratios. Therefore tables are
constructed according to these regrouped data set. Figures constructed for show
relations mechanization parameter’s variations among years.

3.Results and Discussion

3.1 Tractor park

A tractor park is an area where tractors, construction machinery or agricultural
machinery used in industries such as agriculture or construction are stored and
maintained. Such parks are used to carry out regular maintenance and repairs of
tractors, refuelling and keeping machinery safe (Agci, 2002). Tractor parks are generally
indispensable for agricultural enterprises, construction companies, forestry enterprises
and similar industries. These parks play an important role in order to increase the
efficiency and lifetime of construction machinery (Dogan, 2012) were given in Table 1.
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Table 1. Tiirkiye Tractor Number Data for 2012-2022 period (TUIK, 2023).

Number of Tractors between 2012-2022

One axle Two axle

Horse power Horse power
Year Total 1-5 5+ 1-10 11-24 25-34 35-50 50+ 51-70 M 70+®)
2012 1178253 9450 36188 5696 20704 71989 488877 - 438623 106522
2013 1213560 10889 42476 5937 20153 71165 493 462 - 451292 118000
2014 1243300 14383 51492 6247 20906 69 223 493914 - 461399 125536
2015 1260358 14856 54604 6252 21181 68 074 491828 - 468 060 135297
2016 1273531 15736 57131 6448 21274 66 825 489 621 - 475 665 140 699
2017 1306736 16589 59061 6432 20527 65 866 492 343 - 493660 152133
2018 1332139 17129 60707 6554 20 886 66 104 493134 - 505087 162425
2019 1354912 17512 62178 6589 20513 65496 495375 - 513035 174105
2020 1442909 19416 73782 6969 20944 68 157 517899 - 544909 190677
2021 1481461 20517 79658 6853 20 841 68730 523718 - 555536 205488
2022 1526769 20008 84568 6 384 20212 68 045 532393 - 570629 224408

Analysing table 1 showed that, in 2012 total number of tractors was 1 178 253. This
is summation of one axle and two axle tractors which are in diffrenet horsepower rates.
Looking at one axle tractors according to horsepower distribution it is seen that highest
interest locating at 5+ section and in two axle case highest interest seen on 35-50
horsepower section. When date comes to 2022 highest interests seen on 5+ horsepower
section for one axle tractors and 51-70 horsepower section for two axle tractors while
total tractor number was 1 526 769. Rate of change of tractor numbers is %29.5 in ten
years. There was no significant change in one axle case but it is seen that highest interest
section updated to 51-70 horsepower in two axle tractors. Tractor park renewed with
higher powered tractors sothat power section upgraded (Isik (1988), Sumer
et.al.(2004)).

3.2. Quantitative and qualitative characteristics of tractor parks

In order to compare the tractor data in Tirkiye, it is very important to analyse
‘Cumulative Tractor Sales Numbers’, TURKSTAT statistics and National Police database
records. According to the results of this comparison, TurkStat statistics and ‘Cumulative
Tractor Sales Numbers’ data followed a harmonised course until 1988, but diverged in
the following years.

On the other hand, a better agreement was observed between traffic records and
‘Cumulative Tractor Sales Numbers'. it can be foreseen that traffic records may be a
more reliable data source for the tractor park in Tlrkiye. At the end of 2020, the average
age of Tiirkiye's tractor park, which was recorded as 1.946.806 units, was calculated as
25.3 years in Figure 1. Based on this data, it can be concluded that the mechanical life of
tractors in Turkiye is 24 years at most. In the calculation of mechanical life, it is taken
into consideration that according to the standards, the mechanical life of tractors is
10,000 hours until 2000 and 12,000 hours after 2000. It was also informed that tractors
in Tlrkiye are used for an average of 500 hours per year and this average increases to
600 hours as the power level increases. It can be concluded that a large part of the
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tractor park in Tirkiye consists of tractors that have completed their mechanical life.
This information shows that the tractor park needs to be updated and modernised.
Moreover, it is important to monitor the tractor park with more reliable and up-to-date
data, so National Police database records may be a more suitable source for this purpose
(Koctiirk and Avcioglu, 2007).

Number of Tractors
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Figure 1. Development of Turkish Tractor park (TUIK, 2020).

As seen in Figure 2, Although there are about 2 million tractors in Tirkiye, about
500,000 of these tractors are over 40 years old. In addition, there are more than 150,000
tractors in the 35-39 age range. This situation further increases the importance of
economic losses, environmental damage and safety deficiencies caused by the old
tractor park. Moreover, in parallel with the development of the national economy and
the agricultural sector, it is necessary to rapidly renew the old part of the existing
tractor park. As of 2019, the average power of the tractor park in Tiirkiye was calculated
as 39 kW (52.1 HP). This value is insufficient to utilise high production technologies and
is far below the average of European countries (Tarmakbir, 2023).

161176; 8%

129521; 7%

153564; 8%

499931; 26%

w]-24 =25-29 =30-34 =35-39

® 40+

Figure 2. Distribution of tractor ages in Tiirkiye (TUIK, 2020).
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However, the difficulties of the agricultural enterprise structure appear to be the
biggest barrier to this development. Therefore, both economic incentives for renewal
and modernisation of the tractor park and policy changes may be needed to make the
agricultural sector more efficient and competitive. In 2019, the majority of the tractor
park in Tiirkiye consists of four-wheel tractors, which represent 94 per cent of the park.
Single-axle tractors make up a very small part of the park (6 per cent). In the last five
years, there has been a strong increase in the proportion of double-wheel drive tractors
in tractor sales. This positive development indicates that the preference and use of
double-wheel drive tractors are increasing. Double-wheel drive tractors can provide
more ability to steering in agricultural work and may be more suitable for some
applications. Continuation of this trend can increase agricultural productivity and
contribute to the modernisation of the agricultural sector .(Evcim, et.al. 2010).

3.3. Distribution of tractor parks by statistical regional units of Tiirkiye

TurkStat's analysis of the number of tractors between 2016 and 2021 in Tirkiye
shows that the tractor park has increased in various regions of the country. However, in
Table 2, this increase is more noticeable in regions where tractor density is already high,
such as the Aegean, Western and Eastern Marmara, Western Black Sea and
Mediterranean. These regions stand out as regions where agricultural machinery and
tractor usage are more widespread. On the other hand, it is observed in Table 2 that the
differences between Northeastern, Central Eastern and Southeastern Anatolia and other
regions are increasing gradually. The rate of increase in the tractor park in these regions
may be lower than in the western regions where tractor use is more intensive. This
shows that agricultural mechanisation and tractor use differ regionally and some
regions seem to be progressing faster in the increase of tractor park.

Table 2. Distribution of tractor park according to statistical regional units of Tiirkiye
(TUIK, 2020)

Statistical Number of Tractors (unit)

Regions 2015 % 2016 % 2017 % 2018 % 2019 %
TR1 istanbul 4508 036 4483 035 4504 034 5132 039 5175 0.38
TR2 Bati Marmara 123189  9.77 125132  9.83 125759  9.62 126318  9.48 126562  9.34
TR3 Ege 259010  20.55 261512  20.53 274268 2099 279812  21.00 286735  21.16
TR4 Dogu 131404 1043 133147 1045 134194 1027 135392  10.16 136545  10.08
Marmara

TR5 Bati Anadolu 113412 9.00 113590 892 116191 889 117312 881 118194 8.72
TR6 Akdeniz 159574  12.66 161771  12.70 165765  12.69 168420 12.64 171689  12.67
TR7 Orta Anadolu 129153 1025 131757  10.35 134304 1028 137218  10.30 138802  10.24
TR8 Bat 181652  14.41 181587  14.26 183673  14.06 186247  13.98 188823  13.94
Karadeniz

TR9 Dogu 13506 1.07 14018 110 14899 114 15164 114 15402 1.14
Karadeniz

TRA Kuzeydogu 42122 334 42759 336 46884 3.59 49025 3.68 51504 3.80
Anadolu

TRB Ortadogu 36634 291 37079 291 37960 291 42758 321 44002 3.25
Anadolu

;{E;: d(;’)‘lll';eydog“ 66194 525 66696 524 68335 523 69341 521 71479 5.28
TURKIYE 1260358 100 1273531 100 1306736 100 1332129 100 1354912 100
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Expanding the use of tractors and supporting agricultural mechanisation can
contribute to making agriculture more sustainable and competitive (Korucu et. al.2015).
When we analyse the tractor parks in Tiirkiye by region, the Aegean Region stands out
as the region with the largest park with approximately 290,000 tractors. This region is
followed by the Western Black Sea and Mediterranean regions with tractor parks
ranging from 170,000 to 188,000. Eastern and Western Marmara and Western Anatolia
regions have tractor assets ranging between 110,000 and 140,000. Among the other
regions, Southeastern and Central Eastern Anatolia regions with less than 100,000
tractors are noteworthy. Although these regions have high agricultural potential, they
have lower numbers of tractor parks.

When we look at the size and power groups of tractor parks in Table 2, it is seen that
in regions with large parks, low power group tractors are in majority because of
agricultural product patterns and enterprise structures of these regions. In high tractor
intensed regions, product patterns such as fruit and vegetable farming, which generate
higher income compared to field agriculture, are generally intensive. Also, smaller scale
enterprises are common in these regions. Therefore, the majority of tractors are low-
horse power, as they are sufficient for such enterprises. On the other hand, Istanbul,
Western Marmara, Western and Northeastern Anatolia regions have more higher horse
power tractors compared to other regions. The high number of high-powered tractors in
[stanbul originates from a commercial practice rather than the characteristics of
agriculture. High-powered tractors are mostly purchased through financial leasing and
since financial leasing companies have their headquarters in Istanbul, their registration
records are kept in this province. The high concentration of high-power tractors in the
West Marmara, Western and Northeastern Anatolia regions can be explained by the fact
that field agriculture is carried out more and there are relatively large-scale enterprises
in these regions,. Enterprises may prefer high-powered tractors since they have larger
lands. Such data shows that tractor utilisation and power levels may differ depending on
the regional agricultural structure and enterprise types. Therefore, it is important that
tractor parks are should be diversified and well adapted to the needs.

3.4. Mechanisation level in Tiirkiye
As seen in Table 3, Turkish agriculture has made significant progress between 2015-

2018 in terms of mechanisation level. During this period, it was found that there were
large differences in the level of mechanisation between the statistical regions of Tiirkiye.
Tractor power per unit cultivated area (kW/ha): Among the statistical regions, tractor
power values per unit cultivated area vary between 0.38 and 4.56 kW /ha. This shows
that agricultural lands differ according to tractor power.

Number of tractors per 1000 ha cultivated area (Tractor/1000 ha): This value

varies between 20.24 and 129.61 tractors/1000 ha between regions. This shows that
the number of tractors per thousand hectares of cultivated area is different according to
the regions.

Cultivated area per tractor (ha/tractor): The area cultivated per tractor varies

between 7.72 and 49.42 ha/tractor among the statistical regions. This shows that the
size of the land cultivated by tractors is different according to the regions.
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Table 3. Mechanization level data for Tiirkiye and geographical regions (TUIK, 2019)

Geographical Kw/ha Tractor/1000ha Ha/Tractor Equipment/Tractor
Regions 2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017
Northeastern .5 |,/ 157 164 3316 3445 3627 3874 3016 29.03 27.57 2581 834 832 7.89
Anatolia
Middleeast 1.02 1.04 110 129 2836 2894 30.57 3490 3527 3455 3271 2865 10.31 7.85 8.06
Anatolia
Southerneast g0 191 (95 099 2274 2359 2464 2554 4398 4239 40.59 3915 7.07 711 7.08
Anatolia
Istanbul 254 248 253 286 63.08 6152 6254 71.04 1585 1626 1599 14.08 877 881 9.2
West 321 317 323 326 8268 8178 8316 8406 12.09 1223 1203 1190 7.97 795 7.96
Marmara
Egean 408 419 445 456 11756 12046 12684 12961 851 830 7.88 7.72 742 742 723

East Marmara 3.24 337 340 354 9529 9851 9895 10268 1049 10.15 10.11 974 672 6.73 6.78

West Anatolia 129 129 137 138 32.72 32.61 3438 34.63 30.57 30.66 29.08 2888 7.69 7.72 7.80

Mediterrenian 2.64 2.68 280 289 7584 77.02 7990 8232 13.19 1298 1252 1215 798 816 8.20

Central

. 133 138 145 150 34.64 3576 3749 38.43 28.87 2797 26.67 26.02 7.08 7.03 7.02
Anatolia
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Cultivated area per tractor (ha/tractor): The area cultivated per tractor varies
between 7.72 and 49.42 ha/tractor among the statistical regions. This shows that the

size of the land cultivated by tractors is different according to the regions.

Number of equipment per tractor (Equipment/Tractor): The number of equipment
per tractor varies between 4.65 and 14.08 equipment/tractor across regions. This
indicates that tractors have different equipment for the tasks they are used for.

Number of combine harvesters per 1000 ha cultivated area (Combine
Harvester/1000 ha): This value varies between 0.02 and 2.62 harvester/1000 ha
among the statistical regions.This shows that the number of harvesters per thousand

hectares of cultivated area is different according to the regions.

These statistics show that agricultural mechanisation varies in different regions of
Tiirkiye and these differences have significant effects on agricultural productivity.
Therefore, it is necessary to formulate and develop mechanisation strategies according
to the agricultural necessities and characteristics of each region (Altuntas, 2016).

Developments in tractor intensity, when compared with some selected countries,
show that Tirkiye is ahead of countries such as Egypt, Pakistan and Mexico, but behind
European countries (FAOSTAT, 2006). Moreover, when it is taken into consideration
that the average power of the tractor parks of European countries is two times higher
than that of Turkiye. This result is due to the fact that European countries have a high
level of mechanisation in crop production as well as developed animal production and
intensive use of tractors in this field. Therefore, when comparing tractor intensity, not
only crop production but also animal production and tractor use in this field should be
taken into consideration. The fact that the tractor intensity of the USA does not
correspond to other data is the result of the high average tractor power in the country,
and the enterprise structure and production technologies used also affect this situation.

3.5. Problems of agricultural machinery in parks in Tiirkiye

According to 2020 traffic records, there are a total of 1.958.727 tractors in Tiirkiye.
The average age of these tractors is 25,3 years. There are approximately 945,000
tractors aged 25 years and older in the park and the average age of these tractors is 40.3
years. There are approximately 650,000 tractors over 35 years old. In addition, the
average age of about 500,000 tractors over 40 years old is 47.8 years. Based on these
data, we can say that half of the tractors in the park have completed their economic
useful life. However, tractors should be evaluated not only according to their age, but
also in terms of the technology and equipment they contain. Especially in tractors over a
certain age, basic components such as PTO and hydraulic systems may be missing and
there may be no four-wheel drive unit. Working with tractors that have completed their
mechanical and economic life can lead to economic losses ( Table 4). One of these losses
is excessive fuel and oil consumption. In addition, it has a significant impact on product
efficiency and quality in agricultural activities and may cause loss of working time (Toga,
1994).

Such tractors also carry a high risk of accidents and a high risk to life safety.

Moreover, end-of-life tractors can lead to high levels of environmental pollution (such as
CO2 emissions). Therefore, the continued use of ageing and technologically outdated
tractors can have various negative consequences.

89



Diizce. Uni. Zir. Fak. Der., c. 2, s. 2, ss. 81-94, 2024

Although many farmers are aware of the economic losses caused by working with
end-of-life tractors, they may not have the means to renew or modernise these tractors
due to economic difficulties. Furthermore, some farmers use their tractors as a debt
instrument to meet their financial needs. This means renewing tractors that have not
completed their economic life through trade-in and buying them with long-term debts.
However, this practice can push second-hand tractor prices well above their real value.
When tractors are reached the end of their economic life they will consume average 700
litres fuel per year excessively and cause 100-150 hours of lost work. In addition, when
calculated based on the exhaust emission measurements of tractors over 25 years old, it
is estimated that these old tractors generate an average of 1,816 kg of additional CO2
emissions per year (Evcim et.al.2007).

Table 4. Cost of a tractor that has completed its economic life (TUIK, 2019)

Losts Annual Cost (TL/Tractor)
Fuel 4550

Maintenance and Repair 2000

Work Loss 9000

Carbon Emission 344,43

Total 15894,43

The cost of losses caused by a tractor that has reached the end of its economic life is
calculated as 16 thousand Turkish liras per tractor according to current data. According
to 2019 data, there are 1.354.912 tractors in the tractor park in Tuirkiye and 664.000 of
them are older than 25 years old. When calculate the annual economic losses caused by
tractors reaches approximately 11 billion Turkish Liras. This shows an extra cost that
old tractors impose on operating costs and the national economy annually (Giirsoy,
2012). When analysing combine harvester ages situation in park it is observed that most
of the crop losses are in barley and wheat products, followed by maize, rye and oats,
respectively. When the total production amounts are considered, it is determined that
production losses constitute 5% of the total production amount and correspond to
1.687.150 tonnes of product loss. Especially when considered on a country-wide scale,
the monetary equivalent of this crop loss is approximately 382,42 million Turkish Liras.
In case of renewal of the combine harvester park, it is planned to gradually reduce this
loss and contribute to the national economy.

4. Conclusion

In order to solve the problems of Tiirkiye's tractor and combine harvester park, the
rejuvenation of this park should be urgently addressed. A Scrap Rebate program can be
considered to support the country's resources rationally and efficiently. This program
can be a framework for addressing and resolving long-term problems. For the Scrap
Discount application, a commission must be formed to include all relevant stakeholders.
This commission should include all relevant parties such as the Ministry of Industry and
Technology, the Ministry of Agriculture and Forestry, the Ministry of Treasury and
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Finance, the General Directorate of Police, HURDASAN, universities and relevant non-
governmental organizations. This commission can generate the general principles
regarding the Scrap Discount application. In addition, incentive regulations should be
introduced so that those who will purchase a new tractor can benefit from low-interest
or interest-free loan opportunities. The attractive scrap discount amount may be an
incentive for farmers who want to renew the existing park. (Toga, 1994)

When planning a tractor or combine harvester replacement, the characteristics and
requirements of the enterprise should be taken into account. These decisions should be
based on the type of crops grown, the number of machines and operations used in
agricultural production processes, technical and economic data, land size, future growth
prospects and other factors. Additionally, all of these factors should be taken into
account when choosing the optimal power range.

During the planning phase, realistic mechanization models should be created
according to factors such as the size and geographical location of the enterprise. These
models should be considered at different levels, starting from the business level to
business groups, basins, regions and the country. It would be a correct approach to take
into account especially smaller basins with similar characteristics. Existing machines
should be tested and maintained at regular intervals to maintain their usability. This is
important to support the long-term use of tractors and combine harvesters and
minimize economic losses.

Encouraging domestic production can strengthen the domestic agricultural
machinery industry and offer domestic producers the opportunity to increase capacity
and create new job opportunities. This could also contribute to the revival of the
economy. Local production also has the potential to better adapt to the needs of local
agricultural machinery.

[t is important to create data infrastructure for tractors and agricultural machinery. A
system should be created where producers can record their machinery and tractor
inventories and keep this information up-to-date. This allows machines to be rented,
shared and managed more effectively. Additionally, digital platforms and applications
that can be used for rentals and rapid communication should also be developed.
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ARTICLE INFO ABSTRACT

Article history: Spodoptera frugiperda, are polyphagous agricultural pests that began in America and were ultimately
Received: 15.10.2024 discovered in West Africa in 2016.The larval stage of the pest's life cycle causes the most damage. It
Accepted: 27.11.2024 impacts 353 different crop types and leads to a 70% loss in crop yield, hurting the economy. Studies have
Available online: 18.12.2024 shown that these pests do well in temperatures above 10°C, but moth wings become deformed when the

temperature goes above 30°C.The cultural method is the most effective pest control approach, making up
56% of pest management efforts. The push and pull technique, meanwhile, controls 82.6% of larvae per
plant. Research has found that Azadirachta indica (neem) seed powder can reduce larval mortality by
70%, while L. javanica and N. tobacum decrease larval toxicity by 66%. Spinosad causes over 90% of larval
deaths, while a mixture of sawdust and chlorpyrifos controls 20% of the pests. This detailed review covers
all types of biological control methods, including parasitoids, nematodes, predators, viruses,
entomopathogenic fungi, biopesticide bacteria, as well as cultural, chemical, physical, and botanical
controls. It focuses on how effective these methods are against the Fall Armyworm (FAW).

Keywords:
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Giiz tirtilinin entegre yonetimi icin kapsaml stratejiler: biyokontrol, kiiltiirel ve
kimyasal yontemlere odaklanma

MAKALE BiLGIsSi OZET

Makale Gegmisi: Spodoptera frugiperda, Amerika'da baslayan ve son olarak 2016'da Bat1 Afrika'da kesfedilen
Gelis: 15.10.2024 polifag tarim zararlisidir ve zararlinin yasam dongiisiiniin larva asamasi en fazla zarara neden
Kabul:27.11.2024 olur. 353 farkli iriin tiriinii etkilemekte ve liriin veriminde %70'lik bir kayba yol agarak
Cevrimigi mevcut:18.11.2024 ekonomiye zarar vermektedir. Caligmalar, bu zararlilarin 10°C'nin tizerindeki sicakliklarda

iyl performans gosterdigini, ancak sicaklik 30°C'nin tizerine ¢iktiinda giive kanatlarinin
deforme oldugunu gostermistir.Kiiltiirel yontem, hasere yonetimi ¢abalarinin %56'sim
olusturan en etkili hasere kontrol yaklasimudir. ftme ve ¢ekme teknigi ise bitki basma
larvalarin %82,6'sim1 kontrol etmektedir. Arastirmalar, Azadirachta indica (neem) tohum
tozunun larva Sliimlerini %70 oraninda azaltabildigini, L. javanica ve N. tobacum'un ise
larva toksisitesini %66 oraninda azalttiin1 ortaya koymustur. Spinosad larva dliimlerinin
%90'indan fazlasina neden olurken, talas ve klorpirifos karigimi zararlilari %20'sini kontrol
etmektedir. Bu ayrintili inceleme, parazitoidler, nematodlar, predatorler, viriisler,
entomopatojenik mantarlar, biyopestisit bakteriler ve kiiltiirel, kimyasal, fiziksel ve botanik
kontroller de dahil olmak iizere her tiirlii biyolojik kontrol yontemini kapsamaktadir. Bu
yontemlerin Giiz Ordusu Kurduna (FAW) karsi ne kadar etkili olduguna odaklanmaktadir.
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1.Introduction

Fall armyworms (Spodoptera frugiperda (J.E. Smith) is one of the most damaging
insect pests in the family Noctuidae. This pest has polyphagous which can damage a
variety of vegetable crops as well as commercially valuable cereal crops like cotton,
corn, sorghum, rice and eventually have an impact on food security (Barbosa et al,,
2018). The FAW consumes plant species' stems, leaves and reproductive organs. It is
common to the Americas' subtropical and tropical climates. One of the most prevalent
pests of maize in North and South America is FAW, which first emerged in America. As of
the end of 2017, it had spread to over 30 countries in tropical and southern Africa,
including Cabo Verde, Madagascar, and the Seychelles, making it one of the most
invasive pests on the continent. It was first documented in Africa in 2016 (Sisay et al,,
2018). Almost 353 plants have been recognized as this pest's hosts. The first symptoms
appear when the larval stage creates various-sized papery windows in the leaves, which
causes significant plant defoliation and an accumulation of feces. Later on, the growth
and growth of the plants is impacted (Reddy, 2019). The FAW is a harmful pest; if
prevention strategies are not implemented, CABI (2017) estimates that the bug may cost
African nations 6.1 billion US dollars in revenue loss. FAW travels about 500 miles
before starting to place egg (Prasanna et al.,, 2018). Until they reach adulthood, a single
generation of FAW moths can disperse over 500 kilometers from the site of emergence
because of wind (Kumar et al.,, 2022). The assessment of crop varieties that can resist
Fall Armyworm (FAW) should start. Over time, national policies should support safer
pest control solutions by providing temporary subsidies, quickly evaluating and
registering biotechnology, biological control products, and insecticides. For farmers
without the financial means to buy costly crops and chemical insecticides, biological
control methods are more appropriate (Ratto et al, 2022). There are microbial
formulations on the market that are effective in agricultural systems and originate from
illnesses and arthropod natural enemies. Since microbial formulations are mostly bulk
produced in liquid media, their production costs have fallen significantly (Mahmoud et
al,, 2017). Control failures arise from the FAW caterpillar's larvae being firmly buried in
the corn ears and leaf curls. But it only comes during the night or at dawn and twilight to
eat on plants. The article covers vital information of the fall armyworm's introduction,
identification, and possible control measures.

2. Taxonomy of Fall armyworm

There are two fall armyworm strains, such as the ones found in rice and corn strains
(Nagoshi et al., 2018). As the corn strain consumes corn, cotton, and sorghum, the rice
strain feeds on rice and other grazing grasses. Although sharing a similar morphology,
these strains can be separated molecularly. In comparison to the fall armyworm present
in America, which possess both strains, the invasion in Africa has greater diversity
(Jacobs et al, 2018). The armyworm belongs to domain is Eukaryote, phylum
Arthropoda, class Insecta, order Lepidoptera, family Noctuidae, genus Spodoptera.

3. The economic value of FAW

The most harmful and destructive stage of the fall armyworm life cycle for crops is
the larval stage. FAW larvae infected maize plants can be observed on various plant
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components like leaf whorls, young leaves, cobs, and tassels depending on the plant's
growth stage (Goergen et al., 2016). In estimating the loss resulting from FAW, several
factors must be considered. In general, the quantity of pests, the timing of infestation,
the pest's natural competitors and pathogens at that particular moment, and the crop's
nutritional and moisture status together play a role in crop infestation (Sagar et al,,
2020). There is an 11.57% reduction in yield in maize when the insect incidence varies
from 26.4% to 55.9%. The yield decreases 58% by 25-50% damage to the leaf, silk, and
tassel, whereas up to 73% of the crop's yield is lost by 55-100% severity during the
mid-late whorl stage (Chimweta et al., 2019). During the reporting period, there was an
output loss of 30.54 million tons in Ethiopia, 13.91 million tons in Uganda, and 3.2
million tons in Tanzania. Fall armyworm impacted 250,000 hectares of agricultural land
in Kenya, which makes up 11% of the nation's total area under corn cultivation. In a
similar vein, FAW estimated that maize loss in output in Zambia and Ghana was 40%
and 45%, respectively. If control measures hadn't been implemented, losses from FAW
in twelve African countries including Ghana and Zambia were estimated to be between
8.5 and 21 million tons, or approximately 250-630 million US dollars (Bateman et al,,
2018). According to research, FAW has impacted 170,000 hectares of maize harvests
across 10 states in India. This pest mostly affects Yunnan province in China, where it has
been recorded to damage 80,000 hectares of land and crops comprising maize, ginger
and sorghum. In China, 11,1992.17 ha of the total area have been harmed, maize covers
98.6% of the total area (FAO, 2019). FAW infestations are reported in Bangladesh,
Indonesia, Myanmar, and Vietnam, affecting land areas ranging from 0.5% to 32%.
Thailand is experiencing a 25-40% yield loss, resulting in a loss of 130-260 million
dollars. The fatal pest can have an enormous effect on Nepalese farmers and the
country's economy because of its constant appetite for crops like maize and others.
Since the climate in Nepal is favorable to the formation of populations of this insect, crop
loss in maize of up to 100% will be expected if this pest is not managed (Beshir et al,,
2019).

4. Favorable environment for their developments

Climate impacts fall armyworms, and variations in weather conditions can have an
effect on the armyworm's distribution over different geographical areas. According to
reports, the state of the environment has an important effect on several traits, like death,
growth, survival and abundance (Ramirez et al., 2017). The larger invasion of FAW is
controlled by the pest overwintering mechanism. It grows best in cool, humid
temperatures and during severe outbreaks following periods of heavy rain (Sharma et
al,, 2022). A warm, muggy growing season with lots of rain is ideal for the pest's growth
and survival. At temperatures below ten degrees Celsius, the bugs stop growing. More
than ten generations of fall armyworms occur annually in tropical and subtropical
regions, compared to just two in temperate regions, suggesting that these regions are
better suited for the species' efficient reproduction.

5. Distribution pattern

In an adult stage, it can fly longer and cover an area of about 300 miles. The
movement of air in weather fronts could be the cause of this high migration rate. The
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most prevalent insect pest in tropical America is the fall armyworm, which is common in
both tropical and subtropical areas of the nation. By the end of 2016, it initially emerged
in West Africa and quickly spread to Sub-Saharan Africa (SSA), where it was
subsequently confirmed in 44 African nations (Sisay et al., 2019). According to the
research, both FAW strains invaded Africa from the Americas through cargo containers,
commercial flights, or airplane holds. From there, they dispersed via wind (Day et al,,
2018). Fall armyworm, first reported in Karnataka, India in 2018, has spread to various
Asian regions including West Bengal, Odisha, Maharashtra, Gujrat, Bihar, and
Chhattisgarh (CABI, 2020). The insect problem has been experienced by various Asian
nations, including Japan, China, Cambodia, Bangladesh, Myanmar, Indonesia, Thailand,
Korea, Sri Lanka, Vietnam, and China (FAO, 2019). Fall armyworm outbreaks in Nepal
have been reported in 15 districts, posing a significant risk of rapid spread, despite not
being reported globally.

6. Fall armyworm damage symptoms in maize

As soon as the eggs hatch, maize gets infected with Fall armyworm. The most
common signs of FAW are papery windows on leaves that can range in size, have jagged
edges, and seem oblong to spherical. These leaves can also become loose and separated
from the plants. Due to the larval instars' ravenous feeding habits, major defoliation and
an abundance of feces remaining on the plant are visible during the severe stage. Crop
growth and development eventually stop, which prevents the development of cobs and
tassels (Reddy, 2019). Larger, elongated holes appear from the third to the sixth instar
of the infestation, while translucent patches are seen in the window glass during the first
and second stars. In the end, the Fall armyworm feces appear on the leaves or in the
maize funnels as sawdust-like particles (CABI, 2018). The crop's leaf damage can be
evaluated using the methods (Table 1).

Table 1. Scale for evaluating crop leaf damage caused by fall armyworm (S. frugiperda)

Scale Damage

No obvious damage to the leaves

Leaves with only tiny holes damaged

Leaf damage from pinholes and bullet wounds
1-3 leaves with tiny, elongated lesions (5-10 mm)
Lesion of a moderate size (10-30 mm) on 4-7 leaves

Ul | W N = O

Large, elongated lesions (more than 30 mm) or little bits ingested on three
to five leaves

6 Large parts consumed on 3-5 leaves and elongated lesions (>30 mm) are
observed.

7 50% of the leaf eaten and elongated lesions (>30 cm).

8 Long (30 cm) lesions and significant eating pieces on 70% of the leaves.
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7. Life Cycle Stages of Fall Armyworm

There are four distinct stages in S. frugiperda's life cycle (Figure 1). The Fall
armyworm can be identified by its physical characteristics, unique indications of
damage on vulnerable crops, or molecular characteristics (FAO, 2019).

Egg Stage: The fall armyworm's egg is 0.4 mm in size and 0.3 mm in length, and it has
a dome-like, flattened base. The creamy white eggs of the fall armyworm have
reticulated ribs that are encased in abdominal hairs. The female lays a large batch of
eggs, 100-200 at a time (Prasanna et al., 2018).

Larvae Stage: The fresh-hatched caterpillars are green during their first and second
stars, then turn brown or black between their third and sixth instars (CABI, 2018). The
mature larva has four dark elevated spots that create squares on its rough or granular
epidermis, and it has a white inverted "Y"-shaped mark on the front. The head capsules
of the 1-6 instar measure 0.35, 0.45, 0.75, 1.3, 2.0, and 2.6 mm in width, while the body
lengths range around 1.7, 3.5, 6.4, 10.0, 17.2, and 34.2 mm, in that sequence.

Pupae Stage: Pupae are oval reddish brown and form a 20-30 mm long cocoon. They
are typically found in soil that is 2-8 cm deep (CABI, 2018). Pupae are typically found in
soil in cocoons that are 20-30 mm broad and 15 mm long (Silva et al., 2017).

Adult Stage: Adult Fall armyworm members display nocturnal behavior (CABI,
2017). The mature moths’ range in size from 32 to 40 mm according to the color. The
forewings of the male moths are dark and shaded, with triangular white patches near
the center of the wing and at its tip (Assef & Ayalew, 2019). Because they are migratory,
the moths can fly over long distances.

iy : g W

Egg stage Larvae stage Pupae stage Adult stage

Figure 1. Life cycle stages of Fall armyworm

8. Integrated Management of Fall Armyworms

Fall armyworms pose economic threats to pets, and control techniques should be
applied in maize only if 20% of whorls are infested or 5% of seedlings are clipped
(Fernandez, 2002). The fall armyworm larval stage is the ideal period to properly
control the pest; choosing an appropriate time of day to complete the management task
is crucial (Assefa & Ayalew, 2019).

Consultancy services: A variety of methods of communication are needed in the
private as well as public sectors, depending on the information that needs to be shared
and the control strategies that are being maintained (Day et al, 2017; Azeem et al,
2020). The control of the fall armyworm starts with this, which is also the most
important stage. Asian nations like Sri Lanka, Indonesia, Bangladesh, Myanmar, Japan
and China are implementing this strategy to inform the public on the control of the
destructive pest (FAO, 2019).
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Mechanical and physical approach: Mechanical and Physical management is the
most effective and rapid way to manage biological pests (Ali et al., 2021a). One method
of controlling fall armyworms is the hand collecting and destruction of egg masses, as
well as the mass crushing or soaking of neonate larvae in kerosene water (Firake, 2019).
Another stated method of control is to apply dry sand into the whorl of afflicted maize
plants as soon as FAW incidence appears in the field. Because the fall armyworm eggs
and caterpillars are rare, hand-picking and smashing them can be a useful precaution for
tiny gardens or a few impacted plants. 54% of insect control has been discovered to be
accomplished by using mechanical management control (Assefa, 2018). To reduce the
incidence of the fall armyworm, pheromone traps installed at a rate of five per acre at
probable spreading areas are used throughout the crop season and off-season (Firake,
2019). For scaling, the pheromone traps that draw the male armyworm moths are
suggested because of their ease of use (FAO, 2017). To catch fall armyworm moths, a
traditional bucket trap featuring a yellow funnel, white bucket and green canopy has
proven to be the most effective (Hardke et al,, 2015).

Chemical approach: Chemical control is the best and fastest method to control
biological pests and pathogens (Naqvi et al., 2024). The treatment of the fall armyworm
greatly depends on the timing of the chemical application. The individual should be
aware of the life cycle and the best times to administer pesticides, such as during the day
when spraying is ineffective and when the larvae are deeply rooted in the maize whorls
and ears because larvae only emerge at dusk, night or dawn to feed on plants (Day et al,,
2017). It has been suggested to use a variety of pesticides to control fall armyworms.
Various  pesticides, including methyl parathion, methomyl, pyrethroids,
organophosphate insecticide, and cyfluthrin can be employed to control fall armyworms
(Badhai et al., 2019). It was discovered that the application of cyantraniliprole
and chlorantraniliprole as a seed treatment was efficacious in mitigating the fall
armyworm infestations in soy (Sharma et al., 2022). 20% control of the fall armyworm
was observed when sawdust and chlorpyrifos were combined and applied as a therapy.
In order to suppress the fall armyworm, chemicals such as beta cypermethrin,
carbosulfan, emamectin benzoate, cartap hydrochloride, and chlorpyrifos have been
applied extensively throughout Africa. Among these, using beta cypermethrin, cartap
hydrochloride, and emamectin benzoate on vegetables is also recommended (IRAC
South Africa, 2018). Since threshold levels are not being utilized to assess whether
pesticides are necessary, there is the worry that using chemical controls improperly
could result in the emergence of resistance in plants, harm to those plants, and hazards
to the environment and public health. Foliar sprays against FAW in soya were not as
necessary when seed treatments with chlorantraniliprole and cyantraniliprole were
used (Sharma et al., 2022). FAW was not affected by soil treatment in Nicaraguan tests.
Smallholder farmers in Ethiopia and Kenya use dry sand and trichlorfon mixtures, which
are applied to the whorls using a plastic bottle and are thought to be effective (Kumela et
al, 2017). In contrast, mixtures of sawdust and chlorpyrifos decreased the amount of
pesticide required by 20% without sacrificing control. Spinosad and the novel
insecticides spinetoram chlorantraniliprole and flubendiamide have been shown to

100



Diizce. Uni. Zir. Fak. Der., c. 2, s. 2, ss. 95-114, 2024

outperform the conventional insecticides lambda-cyhalothrin and novaluron, resulting
in over 90% decreases in larval morality (Hardke et al., 2015).

Cultural approach: Fall armyworm is frequently controlled by applying chemical or
synthetic pesticides (Assefa et al.,, 2019). Using various cultural techniques, however,
can lessen the amount of crop loss resulting from FAW. It is an effective pest
management plan for FAW must include cultural control. Preventing ear damage caused
by FAW and other insects involves growing maize hybrids with tight husk covers,
balanced fertilizer use, and clean cultivation (Kumela et al., 2017). Applied as granules
or powder into the whorls, the dry mixture of sand and trichlorfon has shown to be a
popular and effective method among small-scale farmers in Ethiopia and Kenya. Crop
leftovers that are left in the field can be destroyed by burning them, rotating the crop,
selecting an appropriate variety, keeping high soil tilth, and regularly checking the field
(Sharma et al., 2022). Systems that grow mainly maize provide a favorable setting for
FAW to expand quickly. Chemical and cultural control techniques can be used to manage
armyworms. Avoiding late planting is part of the cultural control since the ears of maize
would be more severely damaged by a larger FAW infestation than those of the early
plantings. In order to reduce the invasion of FAW, it may also be helpful to intercrop and
rotate maize with non-host crops such as beans and sunflowers (FAO, 2018). The
majority of subsistence farmers in Africa also don't use pesticides on their maize crops,
but they do employ cultural control techniques that either kill or discourage pests, like
hand-picking caterpillars and applying wood ashes and soils to leaf whorls (Ratto et al,,
2022). According to a survey done in Ethiopia and Kenya, 14% and 39% of the farmers,
respectively, used traditional techniques (such as handpicking) to manage FAW (Kumela
et al., 2017). Up to 54% of farmers using a mechanical approach are able to control the
pest.

9. Biological Approaches to control the FAW

Microorganism: Entomopathogens are pathogen-causing organisms that infect and
cause diseases in insects. They include fungi (Metarhizium anisopliae and Beauveria
bassiana), bacteria (Bacillus thuringiensis), protozoans, nematodes, viruses and other
well-known recognized as being against FAW management.

Entomopathogenic fungus: Fungal antagonists play a significant role in controlling
plant pathogens and destructive pests (Ali et al., 2021b; Tabbasum et al, 2022).
Entomopathogenic fungi (EPF) can cause epizootics in particular natural habitats by
infecting a range of insect species at different stages throughout a large range (da Silva
et al., 2020). Fungal spores infect EPF species by first multiplying inside the insect's
body through the integument. Certain poisons released by EPF cause tissue destruction,
and the insect eventually perishes after multiplying. The climate and the frequency of
insect contact dictate when the epizootics are introduced (da Silva et al., 2020). Insects
with EPF infection turn green, cream, brown, or reddish in appearance, cease feeding,
and eventually die as a hard, calcareous cadaver where the fungus starts to sporulate
(Jaiswal et al, 2020). Moisture has a major impact on the biocontrol activity of
mushrooms. Metarhizium anisopliae, Nomuraea rileyi, and Beauveria bassiana are
utilized most frequently to control Spodoptera among the fungi that may be
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advantageous against insect pests (Jaiswal et al., 2020). When it comes to lepidopteran
pests, FAW larvae are more susceptible to B. bassiana. Applying M. anisopliae to second
instars and B. bassiana to eggs resulted in 87% and 30% mortality, respectively,
according to in vitro investigations.

Entomopathogenic Bacteria: Bacillus genus members are commonly used as
biopesticides to control plant diseases and insect pests (Ali et al.,, 2022; Ali et al., 2023b;
Ali et al,, 2024). Bacillus thuringiensis (Bt) Berliner is one of the most commonly used
biopesticides for insect control (Kanedi et al, 2023). These bacteria as soil-dwelling,
gram-positive bacteria that aid in the synthesis of crystal proteins called delta-
endotoxins, which have an insecticidal impact. For controlling lepidopteran pests, only a
small number of Bt treatments that are sold in the market are effective against FAW
(Bortoli et al.,, 2019). In comparison to Bt kurstaki, which is efficient against a variety of
lepidopteran pests, FAW is more susceptible to Bt thuringiensis and Bt aizawai (Silva et
al., 2020). Its widespread adoption and application are occasionally limited by factors
such as the endotoxin's UV sensitivity, the high cost of manufacture, and the inability to
reach the pest to induce toxin intake (Silva et al., 2020). Several research teams are
attempting to identify Bt strains that are more effective against FAW. Conversely,
populations of FAW have been found to differ in their susceptibility to various Cyt
toxins, which are also referred to as Cry toxins. Throughout the selection process in
many places, biopesticides based on Bt must be taken into consideration in order to
manage FAW. Lethal time mortality (LT50) with standard ranges of 2.33 * 0.33 days and
6.50 £ 0.76 was caused by seven Bt strains that were highly effective against nineteen
second-instar FAW larvae at ICIPE in Africa. These strains also caused 100% death
within seven days of treatment. Large-scale manufacturing of Bt-based biopesticides has
been explored through fermentation technology, employing either solid- or semi-solid
fermentation processes (Thiviya et al, 2021). Vegetative insecticidal proteins, the
majority of which are present in Bt culture supernatants, are likewise sensitive to cry
toxins, as demonstrated by FAW.

Entomopathogenic Nematodes (EPNs): As effective biological control agents,
entomopathogenic nematodes such as Steinernema feltiae, Steinernema carpocapsae,
Heterorhabditis bacteriophora, and Heterorhabditis indica are employed. EPNs are
beneficial to the ecosystem and play a significant role in managing pest insects that live
in the soil, such as armyworms (Dillman et al., 2019). FAW has a 23,000 sensitivity rate
to beneficial nematodes, targeting immature and adult larvae. Applying them early or
late at night is optimal due to UV light sensitivity (Prasanna et al., 2018; Shapiro et al,,
2018). In a petri dish, 400 infectious juveniles of H. indica kill 75% of FAW, but 280
infectious juveniles of Steinernema sp. can kill 100% of third-instar FAW (Shamseldean
et al., 2024). Hydraulic spraying jets, which need 100 filtrating mesh elements, can
reduce the concentration of infectious juveniles of H. indica and Steinernema sp. up to
28% and 53%, respectively. At the prepupal stage, S. riobravis and S. carpocapsae
effectively control FAW. Several scientists claim that EPNs with resistant maize silk may
increase FAW death during the prepupal phase. Under lab settings, these three
nematode species, S. glaseri, H. indica, and S. carpocapsae have demonstrated
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compatibility with several pesticides. H. indica is more efficient against FAW when
combined with lufenuron. Moreover, before advising the use of an IPM for FAW, a
compatibility assessment of biopesticides with EPNs is necessary (Roby et al., 2023).

Botanicals: Plants are quite a safe and eco-friendly way to control the plants’ pests
(Ali et al. 2020). For the management of FAW, a few biocontrol agents have been proven
to be successful. Multiple natural enemies can be built up through habitat management,
which also protects natural enemies in-situ and increases plant diversity through
intercropping with pulses and beautiful flowering plants (Firake, 2019). Bacillus
thuringiensis var kurstaki can be applied at a rate of 2 g per liter (or 400 g per acre) to
effectively manage FAW. It is advised to apply Metarhizium anisopliae (1x108 cfu/g) talc
formulation at a rate of 5g/liter whorl 15-25 days after sowing. Similarly, it has been
reported that 1or 2 sprays at the interim of 10 days apart, depending on the level of pest
damage, effectively prevent the spread of the pest infection. The use of biopesticides
particularly based on the fungi (such as Beauveria bassiana), and bacteria such as
Bacillus thuringiensis (Bt) have been efficiently used for the management of FAW (FAO,
2018). To decrease leaf defoliation in crops these biotic agents also contribute.
Arthropod bio-control agents and several microbial pathogens have been effectively
used for the management of FAW (Pilkington et al, 2019). Fall armyworm can be
effectively controlled by 53 species of parasites representing 43 genera and 10 families
found worldwide (Assefa, 2018). The Beauveria isolate caused 30% of the mortality of
second instar larvae, whereas the Metarhizium isolate was responsible for 87% of the
mortality of egg and 96.5 % of the mortality neonate larvae in the assessment of the
effectiveness of entomopathogenic fungus against and second instar larvae and eggs.
Numerous lepidopteran insects of the noctuidae family can be effectively controlled by a
variety of natural enemies (Aktuse et al., 2019). Several insect pests may be biologically
managed by these natural enemies. Fall armyworm infestation was reported to be well
controlled in Ethiopia by the larval parasitoid Cotesia icipe; in Kenya, the pest was found
to be managed by Plaexorista zonata (Sisay et al., 2018). Numerous species of parasites
from the Telenomus and Trichogramma families, which are easy to raise in a laboratory
are widely used to control fall armyworms (Tefera, 2019). Regarding the management of
FAW, the biological control agents were reported are C. insularis, C. marginiventris,
Telenomus remus (Platygastridae), Archytas, earwigs (Dermaptera), Lespesia
(Tachinidae), Ladybird beetles (Coccinellidae), Trichogramma spp., (Braconidae),
Podisus (Pentatomidae), Nabis (Nabidae), Geocoris (Lygaeidae), Assassin and flower
bugs like Zelus (Reduviidae), Anthocoris (Anthocoridae), ants, birds, batsand minute
pirate bug (orius insidiosus) (FAO, 2018).

Plants Extracts: It is advised to utilize botanical pesticides instead of dangerous
synthetic insecticides like pyrethroids and organophosphorus, which can cause
environmental disruptions, increase user costs, pest resurgence, and pest resistance to
insecticides (Ali et al., 2023a; Sowmiya et al., 2024). Farmers in developing nations have
been using botanical pesticides for centuries to control insect pests of stored goods and
field crops due to their affordability and availability (Schmutterer, 1985). These tools
are safer and more environmentally friendly than other methods. P. docendra, J. curcas,
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N. tabacum, M. ferruginea, A. indica, C. macrostachyus, and C. cinerariifollium are just a
few of the many botanicals that have been effectively employed to manage insect pests
(Rizqullah et al,, 2023). A. indica seed cake extract found significant larval mortality of
FAW (Silva et al., 2020). Ethanolic extracts of A. ochroleuca (Papaveraceae) reduced
feeding and retarded larval growth, which resulted in FAW larval death. Although many
other plants have been commercially commercialized, only a small number of them
exhibit insecticidal action against FAW in extracts (Junitor et al., 2021). In Latin America,
azadirachtin (derived from neem) and pyrethrins (from pyrethrum) are the most
commonly utilized products. Global product registrations have been made for a few
items including rotenone, garlic, nicotine, rianodine, quassia, and other extracts
(Kasoma et al, 2020). Neem-based sprays face challenges due to the high
photosensitivity of azadirachtin and the lack of quality control. The short residual life of
neem in field settings and lack of standardization impact insecticide effectiveness.
Testing neem extracts may not be suitable for conventional pesticide efficacy due to low
caterpillar mortality (Viana and Prates, 2003; Junitor et al., 2021).

Parasitoid and Predators: There are roughly 150 species of parasitoids known,
originating from various parts of the Americas and the Caribbean (Table 2). The S.
frugiperda larvae and eggs contain 53 distinct species of parasitoids, such as Apanteles
marginiventris, Chelonus insularis, Ophion spp,Campoletis grioti, Ternelucha spp., Rogus
laphygmae, Meteorus autographae, and Ephisoma vitticole (Adjaoke et al., 2023). Over
44% of naturally occurring parasites have been found in American non-sprayed fields
(FAO, 2017). A level of 45.3% parasitism was shown by these species (Sisay et al., 2018).
To manage S. frugiperda, three predator species and seven parasitoids’ species were
found in Ghana (Koffi et al, 2020). The three species of predators include Pheidole
megacephala F., Haematochares obscuripennis (Stal), Peprius nodulipes (Signoret). These
seven parasitoid species are listed as M. testacea, C. icipe, Bracon sp. Anatrichus
erinaceus (Loew), tachinid fly (Diptera: Tachinidae), C. luteum and an uncertain C.
bifoveolatus (Koffi et al., 2020). The degree of parasitism and species occurrence vary by
region (Kenis et al., 2019). This finding is based on type changes crop stage, geographic
regions, and agronomic methods (Hay-Roe et al., 2016). It has been observed that
Coccygidium luteum from Tanzania and Kenya can cause up to 9 to 19% parasitism in S.
frugipera (Sisay et al., 2018). In America, mass breeding and the introduction of
parasitoids and predators have been employed to manage other pests to reduce the
growing S. frugiperda pest population (Kumar et al, 2022). Sub-Saharan Africa's
government uses classical biocontrol to manage S. frugiperda because it is a costly
method (FAO, 2018). Native parasitoids with a greater level of parasitism have been
found in many SSA communities (Agboyi et al., 2020). Releasing predators to combat the
growing FAW pest population and utilizing augmentative biocontrol is the most effective
approach to managing FAW (FAO, 2018). In America, S. frugiperda eggs have been
effectively managed with the application of trichogramma parasitoids (Prasanna et al.,
2018). Telenomus and Trichogramma are parasitoids that effectively enhance biocontrol
against S. frugiperda (Agboyi et al., 2020). Parasites (Trichogramma and Telenomus) are
inserted into maizefields before the FAW neonates emerge, to control the FAW
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population during the egg form. Upon finding FAW egg masses, these parasitoids lay
their eggs on them (CIPE, 2018). Lepidopterous species found in Africa that have been
parasitized by C. luteum include Prophanti ssp. Spodoptera exempta (Walker), Condica
capensis (Guenée), Crypsotidia mesosema (Hampson), and Spodoptera exigua (Hiibner)
(Van et al, 2019). In Africa and many other countries Coccygidium luteum has been
reported, such as Madagascar, Kenya, Guinea, Nigeria, Ethiopia, Namibia, Mauritius,
Congo, Tanzania, Uganda, Somalia, South Africa, Cameroon, and Rodrigues Island
(Agboyi et al., 2020). Coccygidium luteum, which has more than 46 species, is a solitary
koinobiont parasitoid that is a member of the Braconid subfamily Agathidinae (Ganou et
al.,, 2024). The efficiency of Agathidinae species in this subfamily as biocontrol agents
against insect pests is poorly understood, and their effectiveness is rarely investigated
(Abbas et al., 2022). In China, C. luteum regulates the eggs of numerous species of
Spodoptera (Tang et al., 2019). Parasitoids may complete several generations in 90 days,
which has caused early maturing maize types to proliferate in West Africa (Oluwaranti
et al, 2018). Populations of natural enemies are affected by variations in parasitism
(Abbas et al, 2022). Levels of parasitism were lower on average than previously
reported levels in the United States i.e.,, 35%, 15.5%, 28.3%, 8.1%, 13.8% and 18.3%.
From the several localities of Benin and Ghana 10 different species of parasitoids was
reported (Agboyi et al, 2020). These species are Charops spp, Drino quadrizonula
(Thomson), Trichogramma spp. Meteoridea cf, Telenomus remus, Pristomerus pallidus
(Kriechbaumer), Coccygidium Iuteum, Metopius discolour (Tosquinet), Cotesia icipe and
Chelonus bifoveolatus (Szpligeti) (Agboyi et al., 2020).

Table 2. Predators against FAW

Predator Family Description Reference

Spined soldier Pentatomidae

bug

Nymphs and adults primarily prey on the larvae of
lepidopterans. It punctures the spined soldier
insect,
Heteroptera, bites its victim and quickly impairs it
with a toxin. The predator killed the prey by
sucking its internal fluids.

al. (2020)

Podisus  maculiventris  Pentatomidae

Kneeland et

Pirate bug

Assassin bug

Cimicoidea

Reduviidae

A significant parasite. Aphids, tiny Lepidoptera
larvae, and moth eggs are all food sources for O.
sauterti.

In maize, the most prevalent killer insect genus is
Zelus. Clusters of eggs are produced by females on
plant leaves or even the ground. The nymphs
resemble adults and lack feathers.

Jaraleno et
al. (2020)

Grundy et al.
(2019)

Ground beetle

Carabini

The females lay their eggs on the soil's surface or
slightly below it after mating before the ground
pupation. The immature stage has three instars.

Rukundo et
al. (2020)

Flower bug

Anthocoridae

Most species utilized in biological control
operations are extremely abundant ones. They

feed on lepidopteran eggs, aphids, thrips.

Pathrose et
al. (2023)

105


https://en.wikipedia.org/wiki/Pentatomidae
https://en.wikipedia.org/wiki/Cimicoidea
https://en.wikipedia.org/wiki/Carabini
https://en.wikipedia.org/wiki/Anthocoridae

Diizce. Uni. Zir. Fak. Der., c. 2, s. 2, ss. 95-114, 2024

Use of plant-based Pesticides: Local farmers have stated that botanical extracts from
plants grown nearby are advantageous (Prasanna et al., 2018). Botanical pesticides are a
better substitute for synthetic insecticides, which may be more harmful to the
environment, slow down recovery, and raise consumer costs (Shah et al., 2020). These
chemicals are also to blame for the rise in insect resistance (Gul et al.,, 2019). A few
botanical extracts include Jatropha curcas, Nicotina tabacum, Milletia ferruginea,
Chrysanthemum cinerariifollium, Croton macrostachyus, Phytolacea docendra, which
might be used as insect pest management (Rizqullah et al., 2023). About fifty botanical
pesticides have been approved for the management of FAW in more than thirty
countries; of these, twenty-three are recommended for field experiments and bioassays
(Bateman et al, 2018). Under laboratory circumstances, botanical pesticides caused
80% of the deaths (Zaman et al., 2024). Neem extracts have demonstrated a 70% death
rate in FAW (Silva et al., 2020). It was discovered that Eucalyptus urograndis was more
beneficial in protecting maize from pests (Hruska, 2019). It was discovered that Carica's
papaya seed powder worked well as a chemical pesticide (Sagar et al., 2020). When
neem oil is applied at a concentration of 0.17-0.33%, maize is less affected by FAW
(Babendreier et al., 2020). In contrast to chemical pesticides, botanical insecticides are
ineffective for natural enemies, do not harm the environment, and are unique to a single
target (Mora et al.,, 2018) (Table 3).

Table 3. Plant based pesticides to combat FAW

Extract uses Action mode Species References
0.25 percent Larvicidal with a laboratory Indian lilac Zaman et al.
neem oil death rate of up to 80% (2024)
Wood-based Larvicidal and insect growth- Spanish-cedar ~ Paredes et
dichloromethane regulating (IGR) with up to 95% al. (2021)
extracts mortality

Extracts of roots

Controlling insect growth (IGR),

Bilberry cactus

Paredes et

and other aerial larvicidal, and postponing al. (2021)
components in pupation

methanol

Ricinine and Suppression of growth and Castor Oil Bean Kombieni et
castor oil (seed larvicidal al. (2023)
extracts)

Leaf ethanolic Synergistic with insecticide; Belly-ache Bush Mendesil et
extracts antifeedant to larvae al. (2023)

10. Conclusion and prospects

Spodoptera frugiperda, a harmful insect, necessitates the creation of FAW-
tolerant/FAW-resistant germplasm in Africa and Asia. Conventional breeding faces
challenges due to low resistant genotype frequency. Expanding the search for native
genetic resistance and implementing genomic regions is crucial. There is a greater
chance that this insect will spread globally, drastically reducing agricultural productivity
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and output. “Fall armyworm” control calls for an integrated management approach,
wherein inspections in the field during the early stages of a pest assault and the
discovery of the regulating mechanism are essential components. The high fertility rates
and rapid spread of the pest made isolated management attempts ineffective in
achieving the desired level of pest control. Frequent monitoring and scouting are
required to identify pests and evaluate treatment choices. To address invasive pest
species like FAW (S. furgiperda), it is advised to contact the Invasive Pest Study Center
(IPSC) as well as Tuta absoluta Meyrick, the tomato leaf miner. The overall prevalence of
the pest can be decreased by implementing an awareness program through advisory
services that explains how to identify the pest, what damages it causes, and how to take
effective control measures. By putting in place a campaign to raise awareness through
advisory services that explain how to identify the pest, what damages it causes, and how
to conduct effective control measures, the overall incidence of the pest can be decreased.
The actions can promote international stability by reducing the frequency and damage
caused by insect outbreaks. It can be recommended to take a collaborative approach,
which is essential for controlling the fall armyworm.
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Giineydogu Anadolu Bolgesi

Domates (Solanum lycopersicum L.) diinya genelinde en ¢ok yetistirilen sebzeler arasinda yer almaktadir.
insan beslenmesinde kullanmilmasimin yan1 sira gesitli endiistri kollarinda hammadde olarak
kullanilmaktadir. Diger kiltiir bitkilerinde oldugu gibi domates yetistiriciliginde de hastaliklar 6nemli
ekonomik kayiplara yol agmaktadir. Bunlar igerisinde viriis hastaliklari, domates tiretimini sinirlayan en
o6nemli patojenler arasinda kabul edilmekte olup, bugiine kadar domates bitkisiyle iligkili 312 viriis ve
viroid (22 familya ve 39 cinste) tespit edilmistir. Onemli viriisler arasinda Begomovirus, Tospovirus,
Cucumovirus, Potyvirus ve Tobamovirus cinslerinde yer alan tiirler bulunmaktadir. Domates bitkisini
enfekte eden Begomovirus tiirleri arasinda, ekonomik ag¢idan en énemli ve yaygin oldugu bilinen viriis,
Tomato yellow leaf curl virus (TYLCV) olarak tanimlanmaktadir. TYLCV ile enfekte olmus duyarl
cesitlerde, bodurluk, yapraklarin yukari dogru kivrilmasi, kloroz ve yaprak boyutunda azalma gibi
karakteristik belirtiler gozlemlenmekte ve %100’e varan ciddi verim kayiplar bildirilmistir. TYLCV ilk
olarak 1930'larda israil'in Urdiin Vadisi'nde tespit edilmesinden sonra uluslararas ticaretin artmasi, bu
viriisiin Turkiye ve Giineydogu Anadolu Bolgesi dahil olmak iizere domates tiretiminin yapildig1 tiim
bolgelere yayllmasma neden olmustur. Kiiresel 1sinmanin neden oldugu iklim degisikligi ile birlikte,
viriisiin vektorii olan beyaz sinek (Bemisia tabaci Genn.) popiilasyonlarindaki artis ve bilingsiz insektisit
kullanimi sonucunda beyaz sineklerde direng olusmasi, TYLCV'yi Giineydogu Anadolu Bolgesi i¢in giderek
daha 6nemli bir viral etmen haline getirmistir. Bu derlemede, domates yetistiriciligi i¢in en 6nemli viral
patojen olarak kabul edilen TYLCV'nin ekonomik 6nemi, tasinma yollari ve olusturdugu belirtiler hakkinda
bilgiler sunulmakta ve uygulanabilecek miicadele yontemleri tlizerinde durularak olusabilecek verim
kayiplarinin 6nlenmesi hedeflenmektedir.

Tomato yellow leaf curl virus (TYLCV): A virus of increasing importance in tomato
production areas of the Southeast Anatolian Region
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Tomato (Solanum lycopersicum L.) is one of the most widely grown vegetables in the world. In addition to
human consumption, it is used as a raw material in various industries. As with other crops, diseases and
pests cause significant economic losses in tomato production. Virus diseases are considered one of the
most important pathogens limiting tomato production, and 312 viruses and viroids (in 22 families and 39
genera) associated with tomato plants have been identified to date. Important viruses include species in
the Begomovirus, Tospovirus, Cucumovirus, Potyvirus and Tobamovirus. Among the Begomovirus species
infecting tomato plants, Tomato Yellow Leaf Curl Virus (TYLCV) is known to be the most economically
important and widespread virus. Characteristic symptoms such as stunting, leaf curling, chlorosis and leaf
size reduction are observed in susceptible varieties infected with TYLCV, and severe yield losses of up to
100% have been reported. After TYLCV was first detected in the Jordan Valley of Israel in the 1930s,
increased international trade has led to the spread of the virus to all tomato producing regions, including
Turkey and the Southeast Anatolian Region. With the climate change caused by global warming, the
increase in whitefly (Bemisia tabaci Genn.) populations, the vector of the virus, and the development of
resistance in whiteflies as a result of inadvertent insecticide use, TYLCV has become an increasingly
important viral agent for the Southeast Anatolian region. In this review, the economic importance,
transmission routes and symptoms of TYLCV, which is considered to be the most important viral pathogen
for tomato cultivation, are presented.
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1.Giris

Domates (Solanum lycopersicum L.), biber, patlican ve patates gibi énemli kultiir
bitkilerini iceren Solanaceae familyasina ait bir bitki olup, diinya genelinde tarla ve sera
sartlarinda en yaygin sekilde yetistirilen sebzeler arasinda yer almaktadir (Hanson,
2022). Lezzetinin yani sira A ve C vitaminleri ile kalsiyum, potasyum ve fosfor gibi
mineraller agisindan zengin olmasi, domatesin hem dogrudan insan beslenmesinde
kullanilmasini hem de ketgap, sos ve konserveler gibi endiistriyel triinlerin ham
maddesi olarak tercih edilmesini saglamaktadir (Sainju ve Dris, 2006; Ayisha ve ark.,
2017). FAO (2022) verilerine gore, diinyada 60.591.970 dekar alanda 254.449.772 ton
domates turetilmistir. Yine ayni veriler 1s1ginda tlkemizde ise 1.587.190 dekar alanda
13.000.000 ton domates iiretimi ile Cin ve Hindistan'in ardindan t¢lincii sirada yer
almaktadir.

Domates yetistiriciliginde, diger kiltiir bitkilerinde oldugu gibi, hastaliklar ve
zararlilar 6nemli ekonomik kayiplara yol agmaktadir. Bu hastaliklar igerisinde viral
etmenler, domates tiretimini sinirlayan en 6nemli patojenler arasinda kabul edilmekte
olup, domates bitkisiyle iliskili 312 virtis, satellite viriis ve viroid (22 familya ve 39
cinste) tespit edilmistir (Ong ve ark. 2020; Rivarez ve ark., 2021). Onemli viriisler
arasinda Begomovirus, Tospovirus, Cucumovirus, Potyvirus ve Tobamovirus cinslerinde
yer alan tiirler bulunmaktadir (Pico ve ark., 1996). Begomovirus (Geminiviridae),
domatesi enfekte eden 162 tiirii ile bitki viriislerinin en biiyiik ve en ¢ok calisilan
cinslerinden biridir (Rivarez ve ark., 2021). Domates bitkisini enfekte eden Begomovirus
tirleri arasinda, ekonomik agidan en 6nemli ve yaygin olarak bilinen viriis, Tomato
yellow leaf curl virus (TYLCV) olarak tanimlanmaktadir. TYLCV, kiiresel domates
Uretimine en fazla zarar veren virlslerden biri olmas1 nedeniyle iizerine en fazla
arastirma yapilan bitki viral patojenlerinden biridir (Mabvakure ve ark., 2016). TYLCV
ile enfekte olmus duyarh cesitlerde, bodurluk, yapraklarin yukar1 dogru kivrilmasi,
kloroz ve yaprak boyutunda azalma gibi karakteristik belirtiler gozlemlenmekte ve
%?100’e varan ciddi verim kayiplar1 bildirilmistir (Levy ve Lapidot, 2008; Prasad ve ark.,
2020).

TYLCV ilk olarak 1930'larda Israil'in Urdiin Vadisi'nde tespit edilmistir ve
uluslararasi ticaretin artmasi ile tarimsal kaynaklarin paylasimina yonelik artan egilim,
bu viriisiin domates tretiminin yapildig1 tim bolgelere yayilmasina neden olmustur
(Cohen ve Harpez, 1964; Ramos ve ark., 2019). Daha 6nce yapilan arastirmalarda,
TYLCV'nin tlkemizin farkh illerinde varligi tespit edilmistir (Sertkaya ve ark. 2017;
Erdogan ve ark., 2022). Kiiresel 1sinmanin neden oldugu iklim degisikligi ile birlikte,
viriisiin vektorii olan beyaz sinek (Bemisia tabaci Genn.) popiilasyonlarindaki artis,
ureticiler tarafindan beyaz sinege karsi insektisitlerin bilingsiz kullanim1 sonucunda
beyaz sineklerde insektisit direncinin olusmasi ve virlisin hizli yayilma o6zelligi,
TYLCV’yi Glineydogu Anadolu Bélgesi icin giderek daha 6énemli bir viral etmen haline
getirmistir.

Bu derlemede, domates yetistiriciligi icin en 6nemli viral patojen olarak kabul edilen
TYLCV'nin ekonomik 6nemi, tasinma yollar1 ve olusturdugu belirtiler hakkinda bilgiler
sunulmakta; ayrica, uygulanabilecek miicadele yontemleri Ttzerinde durularak
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olusabilecek verim kayiplarinin onlenmesi hedeflenmektedir. Aktarilan miicadele
yontemleri, sadece TYLCV igin degil, diger viriislerle miicadelede de gegerlilik
tasimaktadir.
2. Domates Sar1 Yaprak Kivirciklik Viriisii (Tomato yellow leaf curl virus, TYLCV)
Hakkinda Genel Bilgiler
2.1. Taksonomisi

Domates sar1 yaprak kivircikhigi virtisii (Tomato yellow leaf curl virus, TYLCV),
Geminiviridae familyasinin Begomovirus cinsi icinde yer almaktadir (ICTV, 2023) (Tablo
1). Geminiviridae familyas1 konukg¢u dizini, vektor, filogenetik iliski ve genom
organizasyonuna dayali olarak 15 cinse bdliinmiis ve yaklasik 522 virlis tiri
icermektedir (Zerbini ve ark,, 2017; ICTV, 2024). Bunlardan Begomovirus cinsi TYLCV ve
birgok 6nemli tiir dahil olmak lizere 445 virls tiirii barindiran en bliyiik cinstir ve
bilinen tiirlerden 162 tanesinin domatesi enfekte edebildigi bilinmektedir (Rivarez ve
ark., 2021; ICTV, 2024).
Tablo 1. TYLCV'nin taksonomisi (ICTV, 2023)

Takson Viriisiin bulundugu takson adi

Realm (Alan) Monodnaviria

Kingdom (Alem) Shotokuvirae

Phylum (Sube) Cressdnaviricota

Class (Sinif) Repensiviricetes

Order (Takim) Geplafuvirales

Family (Familya) Geminiviridae

Genus (Cins) Begomovirus
Binominal ad1 Begomovirus coheni

Species (Tiir) Ingilizce ad1 Tomato yellow leaf curl virus
Tiirkce ad1 Domates sar1 yaprak kivirciklik viriisii

2.2. Virion Yapisi ve Genom Organizasyonu

TYLCV, Geminivirus cinsi viruislerin karakteristik ikiz morfolojisine sahiptir. Diger
Geminivirus tiirlerinde oldugu gibi kapsid T=1 ylizey simetrisine sahip iki ikozahedral
yapidan olusmaktadir. Her biri, 30,3 kDa'lik 260 amino asitlik bir kaplama proteininin
(CP) bes birimini iceren toplam 22 kapsomer icermektedir. Viriis, 2787 niikleotitlik
dairesel ssDNA (single strand deoxyribonucleic acid)’dan olusan tek par¢ali bir genoma
(DNA-A) sahiptir ve DNA-B’den yoksundur (Czosnek ve ark., 1988; Navot ve ark., 1991;
Attathom ve ark 1994; Zhang ve ark 2001; Fondong 2013) (Sekll 1)
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Sekil 1. TYLCV nin morfolousml ve DNA’sim1 gosteren biiyiitilmiis elektron mikrografi. A B Domates
bitkisinden saflastirilan TYLCV’nin ikiz partikilleri, C: TYLCV partikiillerinden izole edilen dairesel tek

sarmalli DNA molekiilii (Attathom ve ark., 1994).
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TYLCV’nin genomu tizerinde V1, V2, C1, C2, C3 ve C4 ORF (Open Reading Frame)
bolgeleri bulunmaktadir (Fondong, 2013). V1'de genomun enkapsidasyonu ve
vektor/konukgu icinde hareketten sorumlu kilif proteini (Coat Protein, CP), V2’de RNA
susturmayi1 baskilayici 6zellige sahip 6n kaplama proteini (Precoat), C1'de replikasyonla
iliskili protein (Rep), C2’de transkripsiyonel aktivator proteini (TrAP), C3’te replikasyon
arttiricl proteini (REn) ve C4’te hareket ve belirti belirleyici proteinler kodlanmistir.
Ayrica, yuvarlanan daire modeline gore viral genomun replikasyonu sirasinda ayrilma
bolgesi olarak gorev yapan ve V1, V2, C1 ve C4 genlerinin ifadesi i¢in ¢ift yonli bir
promotor gorevi yapan 314 niikleotitlik bir intergenik bolge (Intergenic Region, IR)
bulunmaktadir (Laufs ve ark., 1995; Gronenborn, 2007; Diaz-Pendén ve ark. 2010;
Scholthof ve ark., 2011; Prasad ve ark., 2020) (Sekil 2).
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Sekil 2. TYLCV’nin genom organizasyonu (Czosnek, 2021)

2.3. TYLCV’nin Ortaya (Cikisi ve Yayilimi

TYLCV ilk olarak 1930'larda israil'in Urdiin Vadisi'nde fark edilmis, ancak 1960'larin
basina kadar tanimlanamamistir (Cohen ve Nitzany, 1966). Viriis daha sonra Tomato
yellow leaf curl virus (TYLCV) olarak adlandirilmistir (Cohen ve Harpaz, 1964). Viris
1988 yilinda izole edilmis, tek pargali oldugu kanitlanmis ve 1991 yilinda niikleotit
dizilimi yapilmistir (Czosnek ve ark., 1988; Navot ve ark., 1991). TYLCV 1960’larin
basindan itibaren hizla tim Orta Dogu'ya yayilmis ve kisa bir siire icerisinde Kuzey
Amerika, Afrika, Avrupa ve Uzak Dogu Asya'ya da ulasmistir (Czosnek, 2010). Tirkiye'de
ise ilk olarak 1980 yilinda Cukurova bélgesinde (Adana) ve sonrasinda 1993 yilinda Ege
bolgesinde tespit edilmistir (Yilmaz ve ark. 1980). Virusiin yeni bolgelere girisi, yeni
konukgulara uyum saglamasina ve rekombinasyon ilemutasyon yoluyla yeni irklar
gelistirmesine neden olmustur (Péréfarres ve ark., 2012). Viriisiin simdiye kadar yedi
irki belirlenmis olup, tilkemizde mevcut irklarin TYLCV-IL ve TYLCV- Mild 1irklar1 oldugu
tespit edilmistir (Morris, 1997) (Sekil 3).
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Sekil 3. TYLCV'nin diinyadaki yayilimi (CABI, 2012)
2.4. Tasinma Sekli

TYLCV’'nin tasinma ve bulasmasinin en 6nemli yolu, hastalik etmeni tasiyanbitki
tretim materyallerinin dagitimi ve bir¢ok iiriinii istila edebilen, su anda kiiresel olarak
yaygin Kkriptik bir tiir olan beyaz sineklerin (Bemisia tabaci Genn.) yayilmasidir
(Lefeuvre ve ark., 2010; Stansly ve ark., 2010; Alemandri ve ark., 2015; Fiallo-Olivé ve
ark., 2020). B. tabaci yaklasik 130 yil dnce tanimlanmis ve o zamandan beri diinya
capinda en 6nemli zararhlardan biri haline gelmistir. Su ana kadar kadar 600 bitki
tirtinde zarar olusturdugu bildirilmis ve heniiz resmi olarak belgelenmemis ¢ok sayida
konukgusu oldugu tahmin edilmektedir (Oliveira ve ark., 2001; Czosnek ve ark., 2017).
Kiltir bitkilerinde onemli bir zararli olmasinin yani sira viriis vektori olmasi bu
zararliyl1 daha da 6nemli hale getirmektedir (Sekil 4). TYLCV beyaz sinekle persistent
(transovaryal) olarak tasinabilmektedir (Ghanim ve ark. 1998). Beyaz sinek enfekteli
bitkiyle 15-30 dakika beslendikten sonra viriisi edinmekte ve 8-24 saat latent
dénemden sonra viriisii basarili bir sekilde bulastirabilmektedir (Ghanim ve ark., 2001).
Ayrica TYLCV'nin bitki cesidine gore degismekle birlikte, %20-100 arasinda tohumla
tasinabildigi bildirilmistir (Kil ve ark., 2016).
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Sekil 4. Beyaz sinek (Bemisia tabaci). A B1r yaprak uzerlnde beslenen erkek (daha Kkiiciik) ve
disi yetiskinler, B: B. tabaci tarafindan birakilan dairesel desenli yumurtalar, C: B. tabaci'nin
yasam dongiisii (Prota, 2015).

119



Diizce. Uni. Zir. Fak. Der., c. 2, s. 2, 55.115-125, 2024

2.5. Konukgulari

Domates (Solanum lycopersicum L.) TYLCV'nin ana konukcusu olup, S. chilense, S.
habrochaites, S. peruvianum ve S. pimpinellifolium gibi yabani domates tiirlerinin belirti
gostermeden viriis tasiyicis1 oldugu veya viriise karsi dayanikli olan aksesyonlarinin
bulundugu bilinmektedir (Zakay ve ark. 1991; Vidavsky ve Czosnek, 1998). Daha 6nce
yapilan calismalarda Amaranthaceae, Chenopodiaceae, Compositae, Convolvulaceae,
Cruciferae, Euphorbiaceae, Geraniaceae, Leguminosae, Malvaceae, Orobanchaceae,
Plantaginaceae, Primulaceae, Solanaceae, Umbelliferae ve Urticaceae familyalarina ait 49
farkli kiltir bitkisi ve yabani ot tiriiniin TYLCV'ye konukg¢u oldugu bildirilmistir
(Papayiannis ve ark., 2011; Hanc¢insky ve ark., 2020).

2.6. Domates Bitkisinde Olusturdugu Belirtiler

Domates bitkileri fide doneminde enfekte oldugunda hastalik kolayca
tanimlanabilmektedir. TYLCV ile enfekte olan bitkilerde yaprak kenarlarinda yukari ve
ice dogru kivrilma, damarlar arasi sararma ve bodurluk belirtileri olusmaktadir.
Ciceklenme oncesi gergeklesen enfeksiyonlarda meyve tutumunda 6nemli 6l¢iide azalma
meydana gelmektedir. Enfekteli bitkilerden elde edilen meyvelerde gozle goriiliir bir
belirti olusmamaktadir (Thongrit ve ark., 1986) (Sekil 5).

Sekil 5. TYLCV'nin domates bitkisinde olusturdugu belirtiler. A; Bitkinin {ist (geng)
yapraklarinda sararma ve kivrilma, B; Yapraklarin damar aralarinda ve kenarlarinda
kloroz, C; Bitkide bodurlasma ve ¢alilasma belirtileri (Murray ve ark., 2023).

3. MUCADELE YONTEMLERI

Domates sar1 yaprak kivircikligr virtisii (Tomato yellow leaf curl virus, TYLCV), diinya
genelinde yayginlhig1 ve genis konukcu dizisi nedeniyle miicadelesi zor bir patojendir.
Diger viriis hastaliklarinda oldugu gibi dogrudan miicadele yontemlerinin olmamasi,
"Onlem almak tedavi etmekten daha iyidir" anlayisin1 6ne ¢ikarmaktadir. Bu baglamda,
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TYLCV ile miicadelenin basarisi, iliretim sezonu oncesinde, sirasinda ve sonrasinda
viriisiin girisini ve yayllmasini engellemeye yonelik 6nlemlerin uygulanmasina baghdir.
Entegre hastalik yonetimi kapsaminda, karantina 6nlemlerinden kimyasal miicadeleye
kadar geleneksel yontemler ile birlikte son yillarda kullanilan transgenik yontemler, gen
diizenleme ve RNA interferans (RNAIi) teknolojisi gibi modern yontemlerin bir arada
kullanilmasi, TYLCV ve diger bitki hastaliklarinin kontroliinde biiyiik 6nem tasimaktadir.

Hastaligin miicadelesinde ilk ve en 6nemli adim, hastalia neden olan etmenin dogru
bir sekilde teshis edilmesi ve ardindan uygun miicadele stratejilerinin belirlenmesidir.
TYLCV'nin neden oldugu belirtiler ve beyaz sineklerin gézlemlenmesi teshis i¢in yararh
olabilse de bu yontem tek basina yeterli degildir. Zira bir¢ok hastalik etmeni benzer
viriis belirtileri olusturabilmekte ve beyaz sinekler farkl viriislere vektorliik
yapabilmektedir. Bu nedenle, kesin teshis icin serolojik ve molekiiler yontemlerin
kullanilmasi gerekmektedir (Rojas ve ark., 1993).

TYLCV salginlarinin 6nlenmesi amaciyla lretim sezonu baslamadan once dogru
planlama yapilmasi 6nemlidir. Viriis hastaliklar1 gibi miicadele edilmesi gii¢ olan
etmenlere karsi en etkili yontemlerden biri dayanikh c¢esitlerin kullanimidir. Geleneksel
1slah yontemleri ile yabani domates tirlerinden (Solanum pimpinellifolium, S.
peruvianum, S. chilense, S. habrochaites ve S. cheesmaniae) 1slah edilmis, TYLCV’ye karsi
dayaniklilik genleri tasiyan bir¢ok ¢esit mevcuttur. Giivenilir kaynaklardan temin edilen
virliisten ari ve vektor bulunmayan dayanikli iiretim materyallerinin (tohum/fide)
kullanilmasi énemlidir (Gill ve ark., 2019).

TYLCV’nin yayilmasinda en etkili faktorlerden biri beyaz sineklerdir. Bu nedenle,
beyaz sinek popilasyonlarini kontrol etmeye yonelik Onlemler, salginlarin
engellenmesinde etkili olabilmektedir. Fideliklerde ag kullanimi ve kimyasal miicadele,
beyaz sineklerin viriisii bulastirmasini ve salgin olusturmasini 6nleyebilir. Ancak,
insektisitlerin bilingsiz kullanimi ¢evre ve insan saghgi lizerinde olumsuz etkilere yol
acmakta ve beyaz sineklerde insektisit direncinin gelismesine neden olmaktadir
(Antignus ve ark., 2004; Horowitz ve ark., 2007; Rojas ve ark., 2018).

Erken donemde tarlada belirtiler gosteren ve virtusle enfekte oldugundan
siphelenilen bitkilerin Uretim alanindan uzaklastirilmasi, primer inokulum
kaynaklarinin ortadan kaldirilmasi agisindan kritik bir 6neme sahiptir. Ayrica, bitkilerin
beslenme ve sulama durumu, hastaligin siddeti lizerinde etkili olabilmektedir. Bu
nedenle giibreleme ve sulama islemlerinin dengeli ve diizenli bir sekilde yapilmas;,
bitkilerin hastaliga kars1 direncli olmasim saglamaktadir. Uretim sezonu sona erdiginde,
sonraki sezon i¢in olas1 inokulum kaynaklarinin ortadan kaldirilmasi da gereklidir. Bu
amagla, TYLCV konukc¢usu yabanci otlara karsi miicadele edilmelidir (Papayiannis ve
ark., 2011; Prasad ve ark., 2020).

Sonug olarak, erken teshis ve hastaligin olusumunu etkileyen faktorlerin dikkate
alindig1 dogru tarim uygulamalari, TYLCV miicadelesinde etkili sonuclar elde edilmesine
olanak tanimaktadir.
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