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Summary

Olive leaf spot caused by the fungus Spilocaea oleagina is one of the most
common diseases attacking olive trees all over the world. The disease causes
severe premature defoliation of the leaves resulting in severe loses in yield.
Control of the disease is achieved by application of copper containing
fungicides which might not be always feasible due to negative impacts on
human health and environment. The use of plant extract against plant diseases
Is considered a safe alternative to harmful fungicides. Ambrosia artemisiifolia

Is an invasive plant with allelopathic properties. The aim of this work is to



study the efficacy of A. artemisiifolia leaf extract on inhibition of germination
of the olive leaf spot spores isolated from different regions in Palestine.
Specific primers 18SF forward and 18SR reverse were used to confirm the
identity of S. oleagina isolates. Box PCR using the Box REPAIR primer was
used to discriminate between isolates. Aqueous extract (10% wi/v) from
A.artemisiifolia dried leaves was prepared in water and different
concentrations (0.5, 1.0, 1.5, 2.0, 2.5, 5.0 and 10%) were tested against spore
germination. The chemical fungicide Fungran was used in combination with
the extract to study the efficacy of integrated control of the fungus. The PCR
products revealed a 750 bp bands using the 18SF and 18SR specific
primers.PCR identification of the isolated fungal stains confirmed that our
isolates belong to S. oleagina. BLASTnN analysis revealed 92-99% similarities
with that the isolated fungal strains were to S. oleagina (Accession #.
AF338393.1).The results showed that the extract could inhibit conidial
germination at all concentrations. While maximum germination (80.33%) was
obtained in control untreated spores, the germination rate of the spores was
reduced significantly with increasing plant extract. Complete inhibition of
spore germination was recorded in 10% plant extract. The lowest germination
percent (2.8%) was achieved at 5% concentration. Interestingly, at low extract

concentrations (0.5%), the germination rate did not exceed 50% of the



control. The results showed also that combination of fungicide and plant
extract (1:1 v/v) reduced the germination rate of spores to less than 5% of the

control.

Up to our knowledge, this work is the first of its kind that tested the efficacy
of A. artemisiifolia leaf extract in combination with fungicides against the
olive leaf spot disease. Further experiments are needed to produce a suitable

formulation for use against the disease under field conditions.

Keywords: germination; olive leaf spot; control; leaf extract; PCR, BLASTn;
Box PCR.



CHAPTER ONE: INTRODUCTION



1. General background

The Olive tree, Olea europaea L. is the most cultivated plant in the world
with more than eight million ha of which 98%in the Mediterranean region
(Peralbo-Molina and de Castro, 2013). Between 2014 and 2016, the land
occupied by olive trees increased by 10% (International Olive Council, 2016).
Nowadays, there are more than 2000 cultivars in the Mediterranean areas
which exhibit enormous diversity based on pit size morphology and fruit
morphology (Besnard et al., 2001).

In Palestine, olive tree covers approximately 45% of the agricultural lands.
The tree is distinctly important in the economic and social life of the people
comprises one of the main sources of income, reaching its contribution to the
good years to about 13% of the annual agricultural production. Olive (Olea
europaea L.) is one of the oldest agricultural trees which are cultivated over
large areas in Palestine.

The number of olive trees is exceeding more than 10 million (about 67.3% of
fruit trees) and occupying more than 45% of the agricultural area. Olive
production contributes to about 12-13% of the national income (Jabi, 2007).
As olive cultivation in the West Bank tends to be low-input traditional
plantations, with low chemical use, it is more environmentally sustainable

than the intensive olive cultivation, which is often practiced in other oil



producing countries. Olive cultivation provides employment and income for
around 100,000 farming families who are olive oil producers.

Olive orchards are usually run as small family business, utilizing unpaid
family labor. More than 80% of olive farmers are small to medium scale
farmers, owning olive orchards equal to or less than 25 donums in area. The
sector creates thousands of jobs.

Olive production generates seasonal employment for laborers (around 3
million working days in a good year). Many of these laborers are share
croppers (who contribute labor during harvest season and receive a share of
the crop in return).

Employing large numbers of unskilled labor and approximately 15% of
working women, olive oil has attracted much attention from international
development agencies and non-governmental organizations (NGOs). This
attention and funding persists today, providing a significant resource for
development of the sector, as well as a tremendous challenge to avoid
potential duplication and cross-purpose work.

In addition to that, in 2009, there were 490 paid employees working in some
235 olive presses operating throughout Palestine. The sector also provides

jobs to those who work in nurseries and bottling plants as well as traders.



In recent years, olive production has been impacted by several factors such as
alternate bearing, aging of trees, reduced tree management and pests and
diseases.

The peacock disease (Spilocaea oleagina), Verticillium wilt (Verticillium
dahlia), the olive fly (Bactrocera Olea Gmel.) and olive moth (Prays Olea)
are the most common destructive diseases and pests of olives in Palestine.
Unfortunately, pest and disease management practices are not common in
Palestine.

The olive leaf spot disease (OLS) is considered the most destructive disease
on olive trees in Palestine. The disease causes severe defoliation of the tree

(Figure 1) leading to yield losses that might approach 20%.



Figure 1: Symptoms of defoliation on an olive tree as a result of severe infection with OLS
(source: The author).



The disease is controlled by application of chemical fungicides that might not
be always suitable due to environmental and human health perspectives.

The aims of this study are:

1- Testing the effect of A. artemisiifolia against olive leaf spot.

2- Determining the optimal extract concentration for the control of the
disease.

3- Integrate the bio-fungicide (extract) with chemical fungicide

4- Determining the genetic variation of S. oleagina in Palestine.



CHAPTER TWO: LITERATURE REVIEW
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2.1 Olive tree pests and diseases

The olive tree is affected by many pests and diseases (Sergeeva et al., 2008;
Macdonald et al., 2000; Sanei & Razavi, 2011).The catalogue of organisms
potentially harmful to the olive tree includes over 255 species at the present
time and the number is increasing with the identification of new organisms,
especially mites, nematodes, and pathogenic microorganisms (Haniotakis,

2005).

In the majority of cases the disease is caused by: fungi, bacteria and viruses.
However, only a small number of these are capable of causing damage of
economic importance on the olive tree (Haniotakis, 2005).

In general, the Mediterranean climate doesn’t favor the epidemic explosion of
most olive disease caused by fungi and bacteria; due to the long periods of
high temperature and drought in summer. However, olive trees are the least
sprayed crops; because the olive has fewer natural enemies than other crops,
and because the produced olive oil retains the residual chemicals (Ferguson et
al., 1994). One of the most serious diseases affecting the leaves of the olive
tree is the olive leaf spot (OLS) also known as Peacock eye disease (Azeri,

1993).

11



2.20live leaf spot disease

Olive leaf spot (OLS)or the pea cock eye disease is one of the most important
foliar diseases affecting olive in many parts of the world (Graniti, 1993;
Obanor et al., 2011; Gonzalez-Lamothe et al., 2002; Obanor et al., 2008). The
disease is caused by the Deuteromycete fungus S.oleagina (Cast.) Hughes
(syn. Cycloconium oleagina) (Azeri, 1993; Gonzalez-Lamothe et al.,
2002).The disease is widespread in all olive growing regions of the world and
causes yield losses in olives that are estimated to be as high as 20% (Salman
et al., 2011; Azeri, 1993; Graniti, 1993). The disease may affect the quantity
of the olive and reduce the quality (Stewart, 2012).

The Olive leaf spot usually occur on the upper surface of the olive leaf
(Figure 2). Lower side of the leaves does not show apparent symptoms, and
young olive leaves are more susceptible to infection (Graniti, 1993; Khadari
et al., 2001).

The disease causes severe premature defoliation (Figurel), fruit blemishes,
poor twig growth, and sometimes death of the whole plant (Miller, 1949;
Azeri, 1993).

Infection and the life cycle of the disease (Figure 3) is normally associated
with high humidity and winter conditions (mild to low temperature and low

light), where high temperatures restrict spore germination and growth

12



(Obanor et al., 2008; Al-Khatib et al., 2010). Conidial production is optimal
at temperatures ranging from 21 to 25°C and high humidity (Graniti, 1993;
Obanor et al., 2008).The Conidia are disseminated by wind and rain (Lops et
al., 1993) and can, in turn, produce new lesions. Cultivars vary in their

susceptibility, but all are subjected to infection (Abuamsha et al., 2013).

Figure 2: Symptoms of olive leaf spot disease on infected olive leaves (source: The
author).

13
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Figure 3: Life cycle of S.oleagina (source: Benkada et al., 2015).

2.3 Control of OLS
The disease is chemically controlled by application of coppers fungicides
directly after harvest season (Obanor et al., 2008; Sistani et al., 2009). The
most commonly used fungicides include Bordeaux mixture, copper
hydroxide, copper oxide and copper oxychlorides, although some long-
persisting preventative fungicides such as chlorothalonil and dodine have also

been used to control the disease (Sistani et al., 2009). Chemical treatment

14



appears to be rarely effective (Graniti, 1993; Obanor et al., 2008). Moreover,
using chemical fungicides leads to the appearance of resistant pathogen races
(Vanneste et al., 2003; Carisse et al., 2000) as well as disturbance of the plant
metabolism following Cu accumulation in the soil (Obanor et al., 2008).

In Palestine, the disease is wide common in many areas including Hebron,
Bethlenem, Ramallah, Nablus, Qalgilia, Tulkarm, Salfit, Jenin and Tubas
(Salman et al., 2011). The Palestinian Ministry of Agriculture and several
private institutions work on olive sector to provide guidance and information
about improving olive crop production and protection. Application of
chemical fungicides to control the disease in Palestine is, however, not
acceptable because of the negative effects of these fungicide on human and
environmental health as well as their effects on taste and quality of the olive

oil which usually lead to low prices and low income of the yield crop.

In recent years, alternative techniques have been applied for the control of the
disease. Genetic resistance represents an effective, economically feasible and
ecologically sustainable mean to control the peacock disease (Rhouma et al.,
2012; Sanei & Razavi, 2011; Zine El Aabidine et al., 2010). However, the
level of susceptibility of olives to OLS is widely variable (Graniti, 1993,;
Sutter, 1994). Several cultivars (e.g. Leccino and Valatolina) are resistant to
S. oleagina (Macdonald et al., 2000; Sanei & Razavi, 2011). On the other

15



hand, some varieties such as Arbequine, Frantoio, Barouni and Nabali are

sensitive (Macdonald et al., 2000; Sutter, 1994).

In response to environmental and health concerns about extended use of
pesticides, there is a considerable interest in finding alternative control
approaches for use in integrated pest management strategies for crop diseases.
It seems inevitable that fewer pesticides will be used in the future and that
greater reliance will be placed on biological technologies including the use of
microorganisms as antagonists. Biological control using antagonistic
microorganisms alone, or as supplements to minimize the use of chemical
pesticides in a system of integrated plant disease management, has become
more important in recent years (Mao et al., 1997; Hwang et al., 1993).
Different microorganisms including bacteria can be used to control plant
diseases. There has been a large number of literature describing potential uses
of plant associated bacteria as biocontrol agents stimulating plant growth and
managing soil and plant health (Blakeman & Fokkema, 1982). However; little

Is known about the use of bacteria against olive diseases.

2.4 Use of plant extract in control strategy
Disease management strategy needs to be shifted towards non chemical

methods. Managing disease using biological method is less expensive,

16



permanent, and pollution free. This situation has led to an increased demand
for environmentally-friendly products in order to reduce the effects of
widespread fungicide utilization in crop protection (Coats et al., 2003).Many
plant species have been investigated for their antifungal activities (Eloff &
McGaw, 2014; Raut & Karuppayil, 2014). Some plants can protect
themselves against various phytopathogens by producing a variety of
antimicrobials (e.g. phytoalexins and phytoanticipins) (Ribera & Zuniga,
2012).

The use of plant extract against plant diseases is considered a safe alternative
to the use of harmful fungicides. Plant that are indigenous to the Palestinian
agricultural flora, it is not expected to constitute any modification or threat to
the ecosystem.

This application is not only safe to the environment and the community but
also a sound economical alternative since it will save the cost of using
expensive modern fungicides and fertilizers. Also the use of natural products
together with chemical fungicides at low dosage in the framework of
integrated pest management programs could achieve the aims of reducing

costs and limiting the environmental impact of chemical fungicides.

17



2. 5SAmbrosia artemisiifolia. L

Ambrosia artemisiifolia (of the family Asteraceae) is one of the widespread
annual herbaceous weed that emerges in late spring (Figure 4), and is also
commonly known as ragweed (Fumanal et al., 2007;Kazincziet al., 2008;
Smith et al., 2013;Lambdonetal.,2008).

It is widely distributed across the world and has become the most noxious
weed in agriculture. It can cause negative economic impact by decreasing
crop yields, crop quality and efficiency of propagation and harvest (Reinhardt
et al., 2003).

Ambrosia artemisiifolia is a fast growing herb (Bassett & Crompton, 1975; Li
et al., 1989; Beres, 1994) because of some bioactive compounds
(allelochemicals) (Bruckner et al., 2001) that is responsible for allopathic
capacities which are the phenoloids and terpenoids (Bruckner, 1998).
Although, it was a traditional medicinal plant for Native American tribes
(BRIT); and it is used in phytoremediation projects remediating soil pollution,
for removing heavy metals such as lead from contaminated soil (Huang et al.,

1997).

18



4

Figure 4: Ambrosia artemisiifolia in fields near Tulkarm governorate (source: The author).
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CHAPTER THREE: MATERIAL AND
METHODS

20



Material and methods
3.1 Isolation and culture maintenance of S. oleagina
3.1.1 Collection of olive leaves

Infected olive leaves with obvious symptoms of OLS were collected from
infected olive trees in six governorates in Palestine (Table 1). The samples
were collected during February-March 2018.The leaves were placed in paper

bags and transferred to the laboratory where they were stored at 4°C until use.

Table 1: The coordinates of the regions where olive samples were collected.

Region Coordinates

Qalgilia 32°1125"N 34°58'07"E
Nablus 32°13'13"N 35°16'44"E
Tulkarm 32°18'42"N 35°01'38"E
Ramallah 31°54'N 35°12'E

Jenin 32°27'40"N 35°18'00"E
Salfit 32°04'55"N 35°10'56"E
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https://tools.wmflabs.org/geohack/geohack.php?pagename=Qalqilya&params=32_11_25_N_34_58_07_E_region:PS_type:city(41739)
https://tools.wmflabs.org/geohack/geohack.php?pagename=Nablus&params=32_13_13_N_35_16_44_E_region:PS_type:city(214903)
https://tools.wmflabs.org/geohack/geohack.php?pagename=Tulkarm&params=32_18_42_N_35_01_38_E_region:PS_type:city(61941)
https://tools.wmflabs.org/geohack/geohack.php?pagename=Ramallah&params=31_54_N_35_12_E_region:PS_type:city
https://tools.wmflabs.org/geohack/geohack.php?pagename=Jenin&params=32_27_40_N_35_18_00_E_region:PS_type:city(39004)
https://tools.wmflabs.org/geohack/geohack.php?pagename=Salfit&params=32_04_55_N_35_10_56_E_region:PS_type:city(8796)

3.1.2 Viability test

Viability of collected spores was tested by placing 20 ul distilled water (DW)
on the spots of infected leaves which was then transferred to a glass slide in 9
cm Petri dish containing 3 ml DW. The plates were sealed with parafilm and
incubated at 20°Cfor 24 h. Germination of conidia was checked under light
microscope at 200X magnification and counted to evaluate the percent of
germination. Conidia were considered germinated if the length of the germ

tube exceeded half the length of the conidia.

3.1.3 Preparation of fungal spore solution

Spore suspension was prepared by collecting the spores from the spots of
infected olive leaves with obvious sporulation symptoms. For that, a drop of
DW (~ 50 pl) was placed on the spot and pipetted out into a one ml
Eppendrof tube. This step was repeated to get 500-700 pul of conidial solution.

The spore concentration was adjusted to ~ 10*spore.ml-tusing hemocytometer.

3.1.4 Production of single spore culture
To obtain spores from infected leaves, a drop of autoclaved DW (20 pl) was

pipetted on olive leaves with obvious sporulating lesions and transferred to
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sterile glass slide. After that a one pl loop was used to transfer spores to Petri
dish containing potato dextrose agar (PDA) media. The plates were sealed
with parafilm and incubated at 20°C for 24 h. The cultures were examined
under light inverted microscope at 200X magnification. Contaminated
cultures were excluded and the germinated spores were transferred to a new
PDA plates by cutting the agar block that bears the germinated spores. The
plates were further incubated at 20°C until production of pure mycelia colony
from each isolate. The cultures were maintained on PDA and subculture

routinely every 2 months.

3.2 DNA extraction

Mycelium of each isolate was scrapped from the media and placed in a one
ml Eppendrof tube containing 700ul extraction buffer containing 20M Tris-
HCI, 250 mMNaCl, 25 mM EDTA, 0.5% SDS and 10ul proteinase K. The
mycelia were ground using a pellet pestle homogenizer (Kimble).After
grinding the mycelia; 500ul of phenol-chloroform was added to each tube and
mixed by vortex for 5min before centrifugation at 13000 rpm for 20 min. The
upper phase was transferred to fresh tubes and 30ul of 5M sodium acetate
(NaoAc) and 1ml 70% ethanol were added. The tubes were centrifuged at

13000rpm for 10min and the pellets were washed with 70% ethanol. The
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DNA was dissolved in 50ul TE buffer (pH 8) (containing 10 mM Tris-HCI
and 1.0 mM EDTA) and stored at -20°C.

The isolated DNA was separated on 1% agarose gel in 1X TAE buffer
(containing 2mMTris-HCI, 0.5mMEDTA and 1mM glacial acetic acid) for 60

min at 70 V and visualized under UV transilluminator.

3.3Confirmation of fungal species

Molecular identification of the fungus was done using specific primers
(18SF 5'-GCTTGTCTCAAAGATTAAGCC-3' forward and 18SR 5'-CCTTG
TTACGACGACTTTTACTTCC-3' Reverse) that amplify the 18S rDNA
region (Gonzalez-Lamothe et al., 2002; Obanor et al., 2010). The PCR
amplification were performed in a final volume 20 pl containing 10 pl
GoTag® Green (2X) Master Mix (Promega Corporation), 1 ul of each primer
(10 pmol), 1 pl Fungal DNA (=50 ng) and 7 pl nuclease-free water. The
amplification was carried out in thermal cycler (Veriti™ DxThermo Fisher
Scientific)using the following program: initial denaturation at 94°C for 3 min,
followed by 35 cycles of denaturation at 94°C for30 sec, annealing at 55°C for
30 sec and primer extension at 68°C for 30 sec. A final primer extension at

68°C was carried out for 7 min.
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3.4 Genetic variation of S. oleagina

For the discrimination of fungal isolates, Box PCR using the Box REPAIR

primer (5'-CTACGGCAAGGCGACGCTGACG-3') was used.

Box PCR is a rapid and highly reproducible molecular biologic technique for
the discrimination of the genotypic variation among the different species. Its
capacity to discriminate between similar but not identical isolates meets or
exceeds that of other available molecular typing approaches (Koeuth et al.,

1995).

PCR amplifications were carried out in 25 pl reactions. The reaction mixtures
contained 3ul fungal DNA, 1.5 uM of Box primer, 12.5ul GoTag master mix
and 8 pl nuclease-free water. Amplification conditions were as follows: initial
denaturation at 94°C for 3min, followed by 45 cycles of denaturation at 94°C
for 25sec, annealing at 52°C for 60 sec and primer extension at 72°C for 60
sec. A final extension at 72°C was carried out for 8min. PCR products were
separated and analyzed by TAE-agarose gel electrophoresis. Gel images were
recorded for fingerprint profiles production. The images were recorded and
imported into GEL Jv2 program. Fingerprint profiles from BOX PCR results
were created for isolated sample and the resulting profiles were analyzed

using the (Pearson) similarity matrix followed by cluster analysis using the
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unweighted pair group method with arithmetic mean (UPGMA) to generate

Phylogenetic tree.

3.5Plant material

Ambrosia artemisiifolia was collected from different fields in Palestine. The
leaves were taken and dried in an oven at 65°C for 48hr until constant weight.
After that, the dried leaves were ground to fine powder using an electrical

blender. The powder was stored in dark until use.

3.6Preparationof plant extract

Adqueous water extract (10% w/v) was prepared by soaking 10g of the powder
in 90ml distilled water for 24h on horizontal shaker at 110rpm. The residue of
the powder was removed from the extract by filtering the solution through a
double layer of cheesecloth followed by filtrationthroughWhatmanNo.1 filter

paper. The filtrate was stored in dark bottles at 4°C until use.

3.7 Effect of plant extract on conidial germination

Different concentrations of plant extract (0.5, 1.0, 1.5, 2.0, 2.5, 5.0and 10.0%)
were tested for their efficacy against spore germination of OLS. For this a
mixture of conidial: extract suspension was prepared as mentioned in table

(2).After that three 20ul droplets of the mixture (i.e. extract: conidia) placed
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separately on glass slides. For control treatment, fungal conidia were only

used. The slides were then incubated in a sealed 9 cm petridishcontaining3ml

DW to provide high humidity and incubated upside down at 20°C for 24h.

Germination of 100 randomly selected conidia in each droplet was evaluated

under light microscope at 200Xmagnification, and the mean percent

germination was calculated for each concentration. Conidia were considered

germinated if the length of the germ tube exceeded half the length of the

conidia.

Table 2: The mixture of fungal conidia and extract

Extract conc.

Fungal conidia(ul)

10% Extract (ul)

control
0.5
1.0
1.5

2.0
2.5

5.0
10.0

20
19
18
17

16
15

10
0

0
1
2

10
20

3.8Effect of extract and fungicide on conidial germination

After determining the best concentration of the plant extracts that inhibit

fungal growth which was 2.5%, it was mixed with fungicide (Fungran®-OH
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50 WP) at different ratios (0.1:1, 0.25:1, 0.5:1, and 1:1) to prepare mixtures of
one ml (Table 3). The fungicide was prepared by dissolving 0.025g in 10ml
DW as mentioned by Salman et al., (2014).

Three 20uldroplets from each solution including: control, fungicide alone,
extracts alone and combined treatments were placed separately onto a glass
slide and incubated at 20°C for 24h. The mean percent of conidial

germination was then counted.

Table 3: Ratio between extract and fungicide

Extract: Fungicide Extract(ul) Fungicide(ul)
1:1 500 500
1:05 666 333
1:0.25 750 250
1:0.1 900 100

3.9 Statistical analysis
Data were analyzed using Xlstat software (Adinosoft, USA).Significant
differences among treatments were computed after Tukey’s HSD test using

ANOVA at p<0.05
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CHAPTER FOUR: RESULTS
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4.1 Germination and viability of fungal spores

All fungal isolates were subjected to germination test. The results showed
high viability of conidia in all samples (Figure 5).The germination rates after
24 h of incubation at the 20°C ranged between 70-90% (Table 4). The lowest
germination rate (70%) was recorded in spores from Nablus governorate and
differ significantly from the highest germination rate (90.3%) in spores from
Salfit governorate, but did not differ from those in the other regions (Figure

6).

Table 4: Viability of OLS spores.

Region Percent of Germination
Qalqilia 80
Nablus 70
Tulkarm 75
Ramallah 80
Jenin 85
Salfit 90
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Figure 5: Spore germination after 24h of incubation at 20°C. The spores were examined
under light microscope at 200X magnification.
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Figure 6: Percent of viability of OLS spores in different regions. Data with different letters
are significantly different after Turkey’s HSD test using ANOVA at p<0.05.

4.21solation and maintenance of single spore culture

Successful cultures were produced from single spores of OLS. Slow growing
fungal cultures was obtained. The colonies were morphologically identical in
all cultures from different regions. A hemispherical grayish green of about 1.5
cm in diameter were produced (Figure 7). The mycelium was very compact

and did not produce conidia under in vitro conditions.
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Figure 7: S. oleagina mycelia cultures on PDA media after 3 months of incubation at
20°C.
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4.3 Molecular biology
DNA extracted from S. oleagina isolates is an initial step towards developing
an understanding of genetic diversity of S. oleagina. Figure (8) shows the

DNA (molecular size > 10,000 kb) isolated from the six fungal samples.

> 10,000kb

Figure 8: Gel electrophoresis of DNA extracted from S. oleagina isolated from different
regions. Q; Qalgilia, N; Nablus, T; Tulkarm; R; Ramallah, J; Jenin, and S; Salfit, M: 1kb
ladder.

4.3.1 Confirmation of fungal species

Six isolates of the fungus were subjected to PCR for confirmation of the

fungal species. The PCR products revealed bands of about 750 bp using the
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18SF and 18SR specific primers (Figure 9). BLASTn search of S. oleagina
isolates from Qalgilia, Nablus, Tulkarm, Ramallah, Jenin and Salfit revealed
similarities of 92, 99, 99, 99, 99 and 98% to S. oleagina (Accession #.

AF338393.1), respectively (Figures 10-15).

750 bp

Figure 9: Gel electrophoresis of PCR products from S. oleagina isolated from different
regions in Palestine: Q; Qalgilia, N; Nablus, T; Tulkarm; R; Ramallah, J; Jenin, and S;
Salfit, M: 1kb ladder.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF338393.1 Length: 1738 HNumber of Matches: 1

Range 1: 45 to 534 GenBank Graphics

Score

747 bits(404)

Expect Identities Gaps Strand
0.0 452/491(92%) 2/491{0%) Plus/Plus

Query
Skijct
Query
Skjct
Query
Skijct
Query
Skject
Query
Skijct
Query
Skijct
Query
Skijct
Query
Skijct
Query

Skict

Figure 10: BLASTn similarity of the sequence identity of S. oleagina isolated from

Qalgilia.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF338393.1 Length: 1738 Number of Matches: 1

Range 1: 27 to 579 GenBank Graphics

Score Expect Identities Gaps Strand
989 bits(535) 0.0 546,/554(99%) 1/554{0%) Plus/Plus
Query 5 TEICTALGTATALRGCAMCTATACTGTGARACTGCGRAATGGCTCATTARATCAGTTATCGET b4

FErrrrrrrrerreer rerprrrrerrrr e nnrrrnnd
Sbjct 27 TGICTALGTATALGCALCTATACTCTGRRACTGCGRATGECTCATTARARTCAGTTATCET &6

Query &5 TTATTITGATAGTACCTITACTACTTGEATARCCEIGCTAATTCTACGAGCTARTRACATCECRRE 124

CErrrrrrrrrrrrrrrrerreerrrrerrerrrrrrrrrrrrrrrrrnrenenrrrnnl
Sbjct &7 ITTATITGATAGTACCTITACTACTTGEATRRACCEIGETIAATICTAGAGCTARTRACATECERE 146

Query 125 ARARCCCCERACTICGGARAAGGGGIGTATITIATTAGATRARRRRRCCARTGCCCITCGEEECT 184

FERRREE e e e e e v e b e e e
Sbjct 147 RARACCCCGACTICGGRAGGGGTGTATTTATTAGATARRARACCRATGCCCTICGGGECT 206

Query 185 TITCCIGGIGATTCATRAATARCTIARCGRARTCGCATGECCTTIGCGCCGECGATGETTICATIC 244

IIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIII|IIIIIIIIIIII
Sbjet 207 TCCIG CATAATARCTTARCGRATCGCATGGCCTTGCGCCGECGATGETTCATTIC 266

Query 245 AAATTTCTGCCCIATCRAACTITCGATICIAGAGTAGTGGICTRCAATGGTITITCARCEEET 304

FErrrrrrrrrrrrerrrerprrrreerrrrrer e rennninrrrnnd
Sbijct 287 ARRTTTCTGCCCIATCAACTITCGATIGIAGRAGTAGTGEICTRCARAATGGITICARCGELT 326

Query 305 ARCGEGGRAATTAGGGITCGACTCCGGAGARAGGAGCCTGAGRRRACGGCTACTACATCCARE 364

FERLRET R e e e b e el
Sbjct 327 RACGGEGRATTAGGGTTCGACTCCGGRAGAAGGAGCCTGAGRARCGGCTACTACATCCRAG 386

Query 3652 GRAAGECAGCAGECGCGCARATTACCCAATCCCGACRACGEEGAGGTAGTGACAATARATAC 424

LEPEREr e r e e e e e e e e e il
Sbjct 387 GRAGGCAGCAGGCGCGCAAATTACCCAATCCCGACRCGGGGAGGTAGTGACRATARATAC 446

Query 425 TGEATACAGGGECICITITGEGICITGIAATIGGRAATGASTACRATTFALLTCCCTTARCER 484

FErrrrrrrrrrrrrrrrrrerrrrer e errrerr rrerrer reeneeenrrrnnd
Sbjct 447 TGATACAGGEGECTICITITIGGGICITIGIAATIGGAATGAGTACRATITAMATCCCTTARCGR 506

Query 485 GEAARCARCTGEAGGGCARGTICIGETGCCAGCAGCCECEETWATTCCAGCTCCHGAGEEEE 544

LERERTrrn e pn e e reeerrener e il
Spjct 507 GGRACRACTGGAGGGCAAGTCTGETGCCAGCAGCCGCGETRATTCCAGCTCCAGRR-GCE 565

Query 545 TATATTAARRRSTTGET 538

LILILrrrrnann
Sbjct 566 TATATTARAGTTGT 579

Figure 11: BLASTn similarity of the sequence identity of S. oleagina isolated from
Nablus.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF338393.1 Length: 1738 Number of Matches: 1

Range 1: 37 to 720 GenBank Graphics

Score Expect Identities Gaps Strand

1238 bits(670) 0.0 680/685{99%) 1/685{0%) Plus/Plus
Query 18 TARGCARCCTATACTCIGARACTCCOCRATCECTCATIARATCACGTTATCETTITATITGAT 77
Sbict 37  TAAGCAA-CTATACIGTGAAACTGCGAMIGECTCATTARAICAGTIATCGITIATIICAT o5
Query T8 ACTRACCTTACTACTICGCATARCCETCGETAATTCTACGACGCTRARTRACATCCCGRRRARCCCCE 137
Shict 36 AGTACCTTACTACTIGGATAACCOTESTAAITCTASAGCTAATACATCCSARARACCCCE 155
Guery 138 LACTTCGEALGEGETGTIATTITATTAGATARRARLCCRRTCGCCCTTCGEEECTITCCTEGEIGR 1897
Sbict 156 ACTICAGAACGGGTETATITATTAGATAAAAAACCARTGCELTICEERECITCETCETEE 218
Guery 198 TICATAATARCTTARCGARTCGCATGGCCTITGCGCCEGCGATCGGITCATTCARRATTITCTE 257
Shict 216 TTCATAATAACTTAACGAAICECATERCCTICCECCEECEATCEITCATICARATITCIE 275
guery 2585 CCOCTATCARCTITCGATTGTAGAGTAGTGGICTACARTGETTTCARCGGGTARCGEGEAR 317
Sbict 276 CCCTAICRACTTICEATICTACACTACIECTCTACARTCETTTCAACEECTARCEERAE 335
Guery 318 TTAGGETITCGACTCCGGEAGRAGCRAGCCTGAGRALCCECTACTACATCCARGERAREECAGS 377
Shict 336 TTAGGETTCEACTCLSGAGAAGGASCCTCASAMACCECTACTACAICCAAGCAASECAGE  3os
Guery 372 AGCCCCGCARATTACCCARTCCCCGACACGEGCARAGGEIAGTGRCAATRLAATRCTGATRACACEE 437
Sbict 396 AGECECECAAATTACCCAATCLCGACACLCELACETACICACAATARATACICATACAGE 455
Guery 438 GCICITITGGGICITGIAATIGCRATCRAGTACRLATTITRARATCCCITARCEACGRACRALCT 457
Sbict 456 GCICITTTGGETCITETAMITCRAATGACTACAATTTARATCCCITARCEACRARCAACT 515
Query 4388 GEAGGECRAAGCTCTGETIGCCAGCAGCCGCGETAATTCCAGCTCCAGRAGCETATATTALRE 557
Shict 516 COAGGECAAGTCTEETECCACAGCEACEETARITCCACCICCASAACCATATATTARAE 575
Guery 558 TIGIIGCAGITARARAGCTCCTAGITGRATTITIGGECCTGECTGECCGETCCGCCTCACT 617
Sbict 576 TTCTTCCASTTAAAMAGCICCTACTIGARTITIGECCCTCACTCALCEETCERCTIARCE 635
Query 618 GCGIGCACTGGICCGGCCGGECCTITCCTCCTGEEEATCCGCATGCCCTITCACTEGEETIET 677
Shict 636 COBTECACTEETCOEACCEEEECTTICCTE TEEEEATCCRCATECCOTTCACTERRTET 62
Guery 878 GITGGGEARCCAGEACTTTITACTIT 7To2

Sbict €96 CITCESCAACCAGGACIITIACITI 720

Figure 12: BLASTnN similarity of the sequence identity of S. oleagina isolated from

Tulkarm.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF3383093.1 Length: 1738 Number of Matches: 1

Range 1: 44 to 720 GenBank Graphics

Score Expect Identities Gaps Strand

1216 bits{658) 0.0 6573/680{99%) 3/680{0%) Plus/Plus
Query 30 CTAWTACTGETICGARACTCGCGRATCGECTCATTARATCAGTTATCETITIATTIICGATACTACT  £5
Sbjct 41 CTA-TACT GTCARACTGCCARTCGCICATTAAATCACTTATCRTTIATTIGATAGTACC 101
Query 890 TTRCTACTIGEATARCCCIGETAATTCTACGAGCTARTACATCCEGRARRARACCCCGRACTICE 145
Sbict 102 TTACTACTIGAATAACCEICCTAATTCTACAECTIATACATCLAAAMAACELCEALTTCE 161
Query 150 GRRGEGETGIATTIATTAGATARLRLRCCLARTECCCTTCEEGECTTICCTGETIGATICATE 208
Sbict 162 CAAGEECTETATTTATTAGATAMMAAACCAATGCLCTICAECELTTCCIGEICATICATA 221
guery 210 ATARCTTARCCRATCGCATGGCCITGCGCCGGCGATGETITCATTCARATTTCTICGCCCTAT 269
Sbjct 222 ATAACTTAACGAATCECATCCCCTTECGCCESCEATEETICATICARATTICICECCTAT 281
guery 270 CRACTTITICGATIGIAGAGCTAGTGGETCTACARTGEITICARCGEETARCGEEEARTTAGEE 329
Sbict 282 CAACTTICEATTCTAGACTACTGETCIACAATCETITCIACCEATARCCEERATTARRE 541
guery 330 TTCGACTCCGGEAGARGCAGCCTGAGRARRCCECTACTACATCCARGERAGECAGCAGECES 389
Sbsct 342 TTCEACTCLGGACRAGCAGLCTEAGAACEECTACTACAT COARGEAACECACCAGELRE 401
Guery 390 CGCARRTTRACCCRATCCCCACACGEEGRAGEIAGTGCRCARTARATRCTEATRACRCGEGCTCIT 449
Sbict 02 CCARATTACCCAATCCCEACACGECEACCTACTCACAATARATACTEATACAGEECICIT 461
guery 450 TITIGGEICTITGIAATTCGCRATGCACGTACRRTTTARRTCCCTITARCCGRACGERACRRCTGERAEEE 508
Sbicr 462 TTGCICTICIAATICGAATCACTACAATTTAAATCCOITARCCACCAACIACTEGAGEE 521
guery 510 CRAGTCIGEIGCCAGCAGCCGCGETAATTCCAGCTCCAGRRGCETATATTARLCTTICTICE 5639
Sbsct 522 CAAGTCTEETECCAGCAGCLECEETAATICCAGCICCACAACCETATATIALAGTICITE 581
puery 570 CAGITAARRACCTCGIAGTTIGRATTTITGGGCCIGECTIGGCCGETICCEGCCTCRACCGCOETCE 6825
Sbicc 582 CACTTAAAMACCICATAGTICAATTITCCACCTCACTECbCbeEeterTantteletdd 6at
Query 630 ACTGEICCGEGCCGGGCCITICCTICCIGEEEATCCGCATGCCCTICACTIGEGIGIGITGGE 689
Sbicr 642 ACTEATCCEELCEEECCTTICNICIGoEtATCCEtATELCTTCALTCEETETEIT-E 700
guery 690 GEAACCHMGEACTTITACTIT 709

Sbsct 701 GCAACCAGGACTITIACITI 720

Figure 13: BLASTnN similarity of the
Ramallah.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF3383093.1 Length: 1738 Number of Matches: 1

Range 1: 37 to 720 GenBank Graphics

Score Expect Identities Gaps Strand

1219 bits{660) 0.0 580/689(99%) 5/689(0%) Plus/Plus
Query 17 TARRGCCARCCTATACTCGT GARACCTCCCGRATCCCTCATIARRTCAGTTATCETITIATITIE o
Sbict 37 TAA-GCAA-CTATACICIGARA-CIGCSARTCECTCATTARATCACITATCEITIAITIC o3
Query 77 ARTAGCTRCCTITACTRACTTIGEATARCCCTCGCTAATTCTACRACCTRAATRACATGCGRARARRCCC 138
Sbict 24 ATAGTACCITACTACTTEGATAACCETSGTAATTCTACAGCTAATACAICCRARAAACEE 153
Guery 137 CEACTICGGRAGGGETIGTATITATTAGATARRARACCARTCCCCTICGEEECTICCIGET 186
Sbict 154 COACTTCGGARGCGETGTATTTATTAGATAAAMAACCAATGCCETTCRSEECTTECTCET 215
Guery 197 CGARTTCATAATARCTTARCCGRATCGCATGECCTITIGCGCCGEGCGATGETITCATTCARATTIC 254
Sbict 214 GATTCATAATAACTTAACGARICECATCCCTIECELCEECEATEETICATICAAATTIC 275
Guery 257 ITGCCCIATCRAACTITCGATITGIAGAGTAGTGEICTACARTGCEITTICRAACGEETARCEEEE 3la
Sbict 274 TGCCCTATCAACTIICGATTGTAGAGTAGIGCICIACAATGETTICAACCEETAACEEEE 353
Guery 317 ARTTRAGEGITCCARCTCCGCGRAGARGERAGCCTGRCGRARCCGECTACTARCATCCARGERARGECR 374
Sbict 334 AATTACEETTCRACICCEGAGRACGAGCCTCACAAACEECTACTACAICCAAGEAAGEEE 383
Guery 377 CGCAGECGCGCARATTACCCRATCCCCGACRCGECEAGETAGIGACRLATARRTRCTCEATRACE 434
Sbict 354 GCAGECECGCAAATTACCCARICCCEACACECEEACETACT CACRATIAATACTEATACE 453
Guery 437 CGEGCTICITIITGGCICITGIAATTGCRATCGAGCTACARTTITARRTCCCTITRARCCACGERACAR 458
Sbict 454 GEGCTCITITESGICITETARTICEAATCACTACAATITARATCCCTTAACCACHRACE 513
Query 487 CIGEAGGECRAGTCTGGTGCCRGCAGCCECEGTRAATTCCAGCTCCAGRLECETATATTAL 556
Sbict 514 CTCGACEECAASTCIGCTECCASCAGCCECEETAATICCACCTCCACRACCRTATATTIL 575
Guery 557 AGTIGITGCAGITARARRCGCTCGTAGITGAATITIGEGCCIGGCTGECCEETICCECCTICA 616
Sbict 574 AGTIGTTGCASITAAARAGCICATAGTIGAATITICESCCICELTCE0CEETCEETTaE 635
Query 617 CCGCGEIGCACTGGEICCGGECCGEECCTITCCTICCTGEEEATCCGCATGCCCTITCACTGEET 676
Sbicr 634 CCCCATECACTEGTCOEELCEEECETITCCTCEICEEEATCOtATEECCITCACTEEET 623
Query 677 GIGITGGGGERAACCARGACTTITTACIIT 705

Sbict 634 GTGTT-CRGGRACCAGGACTITI-ACITI 720

Figure 14: BLASTn similarity of the sequence identity of S. oleagina isolated from Jenin.
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Spilocaea oleaginea 165 ribosomal RNA gene, partial sequence
Sequence ID: AF338393.1 Length: 1738 Humber of Matches: 1

Range 1: 28 to 627 GenBank Graphics

Score Expect Identities Gaps Strand

1055 bits{571) 0.0 589/602{98%) 3/602(0%) Plus/Plus
fuery 7 GICT-ARTATARGCTCAMCTATACTCGTCARRCTCCOCGRATEECTCATTARATCACGTTATCGET &5
Sbict 28 GICIAAGTATARG-CRACTATACTGTGAAACTGCEAATCRCTCATTAAATCACITATCET g6
Query &6 TTATTICGATACTACCTITACTACTTIGEATARCCCETGCTARTTCTAGRGCTRATRACATECGRE 125
Sbict 87  TTATTICATACTACCITACTACTTGGATAACCOTGRTAATTCTAGAGCIAATACATGCME 146
Guery 128 ARLRCCCCGRCTICGGRAGGGGTGTATITTIATTAGATRLLLRACCRATECCCTICGEEECT 185
Sbict 147 AARAACCCCRACTICEAAGGLGIETATTIATTACATARAAAACCAATECCCTTCRREEET 206
Guery 186 TCCTIGGTGATTCATRATRARCTTAACGRAATCCCATGGCCTIGCGCCGGECGATGETITICATIC 245
Shict 207 TCCTEGTEATTCATAATAACTTAACGAATCECATEGCCTTCCECCEECEATEETICATIC 266
Guery 246 ARRTTTCTGCCCIATCARCTITCGATTIGCIAGAGTAGTGGICTACRATGEETTITCAACEEET 305
Sbict 267 AAATTICIGCCCIATCAACTITCEATIGIAGACTAGTCEICTACAATGETTICAACEEET 326
Guery 308 LRRCEGGERATTRGGEITCERCTCCGGRGRAGERCGCCTGRGRALCECCTRCTRCATCCARE 365
Sbict 327 AACHEGGRATTAGGETICEACTCLGCACAACCARLCTCACARACCELTACTACATCCRAE 326
Guery 366 GRARGCCARCAGGCGCGCRRATTACCCAATCCCGRCRACGGGEGRGETAGTEACRRTRARATLC 425
Sbict 387 GAAGGCAGCACECECECAAATTACCCAATCCCCACACCEGCACETACICACAATIAATAC 246
Guery 428 TGRTACRAGGECICITITGEGICITGTIAARTTGERAATGAGTRCAATTTARRTCOCCTTRARCER 455
Sbict 447 TGATACAGEECICITTICGETCITEIAAITCGAATGACTACAATITARATCCCTTAACES 506
Guery 456 GGERACARCTGCGAGERCARRTCTGGIGCCAGCAGCCGCGETAATTCCAGCTCCAGRARGECET 545
Shict 507 GGRACAACTEGASEGCAAGTCTEETGCCASCASCERCEETAATTCCARCTCCASIAGCET  See
Guery 546 ATATTARAGTTIGITGCASTIAWWARARGCTCCIAGTTGRATTTIGEGCCTIGGCTIGEYCGET 605
Sbict 567 ATATTARAGTIGITGCAGTTAA-AAAGCICETASTTGAATITIGECLCICECTCRCCEET 625
Query &08 CC 607

Sbjct &26 éé 8627

Figure 15: BLASTnN similarity of the sequence identity of S. oleagina isolated from Salfit.
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4.3.2 Genetic diversity of the fungus
Discrimination between different isolates of S. oleagina was done using Box
PCR. The distinct banding pattern (Figure 16) revealed differences after gel

electrophoresis of the Box PCR product.

MJQN_MRTS_ M

Figure 16: Separation of Box PCR products of six S.
oleagina isolates. (M: 1Kb ladder. Lanes J, Q, N, R, T, and
S are Jenin, Qalgilia, Nablus, Ramallah, Tulkarm, and
Salfit, respectively).
4.3.3 Genetic diversity of S. oleagina
BOX-PCR amplification of S. oleagina isolates generated some distinct

fingerprint patterns. Cluster analysis divided the fingerprints of the isolates

into three groups (Figure 17). Group two (3 isolates) was the largest cluster.
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The remaining groups, in decreasing number of isolates, were group 1 (2
isolates) and group 3 (1 isolate).

All three groups contained fungi isolated from host genotypes originally from
different geographic regions. In group one S. oleagina samples were isolated
from olive trees originating from Ramallah and Nablus, in group two, the
samples were isolated from Salfit, Tulkarm and Qalgilia and in group 3; the
samples were isolated from Jenin.

Based on analyses of the dendrogram obtained after Box PCR; Nablus and
Ramallah are 64-69% identical; Qalqgilia, Salfit and Tulkarm are 64-
71%identical; Qalqilia, Salfit and Tulkarm with Nablus and Ramallah are 59-

64%identical;Jenin and all share less than 59% identity.
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2  Strain Number
Ramallah} 1
Nablus

Salfeet
Tulkarm 2
Qalgilia

50
B0
70
a0
a0

Jenin 3

Figure 17: Phylogenetic tree indicating the relatedness among S.oleagina isolates based on Box-PCR analysis.
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4.4Effect of plant extract on conidial germination

The result showed that inhibition of S. oleagina conidial germination and
germ tube elongation was obvious in the presence of the different
concentrations of the LE (Figure 18). In the control experiment, the length of
the germ tube exceeded on average two times the length of the conidia. At
10%extractconcentration, no germination of the spore was recorded in all
samples collected from the different regions.

Statistical analysis revealed that in the presence of 5%LEconcentration, the
percent of conidial germination (2.75%) was significantly (P < 0.05) lower
than that in the other concentrations. Moreover, germination rates did not
differ significantly between the different concentrations 1.0, 1.5, 2.0, 2.5 and
5% (Figure 19). With increasing LE concentrations, the germination rates
decreased significantly. The rates of germination were 49.5, 35.6, 25.57, 16.0

and 8.3% at 0.5, 1.0, 1.5, 2.0 and 2.5%extract, respectively.
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Figure 18: Effect of A. artemisiifolia on germination and germ tube length of S. oleagina
after 24 h of incubation at 20°C, (A) control un treated spores, (B) spores treated with
2.5% extract and (C) spores treated with 10% extract.
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Figure 19: Effect of plant extract on conidial germination. Data with

different letters are significantly different after Turkey’s HSD test using
ANOVA at p<0.05

4.5 Integrated control of conidial germination

As shown in figure (20), the germination rate using the fungicide treatment
alone (0.439%) was significantly the lowest among that in the other
treatments. The results also showed that the combination of LE and
fungicides atl:1 (v/v) was the most effective combined treatment against
conidial germination with a germination rate of 5.36% which was

significantly lower than that in the other combinations.
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At combination of 1:0.1 the percent of germination (16.93%) was
significantly higher than that in the other combinations. Combined treatments
at ratios 1:0.25 and 1:0.5 (v/v) also differ significantly from other treatments

with germination rates (12.977 and 10.22 %, respectively).

25 T

20 +

a
b
15 +
c
c
10 +
d
5__
e
0 : : : : e

extract E+F(1:0.1) E+F(1:0.25) E+F(1: 0.5) E+F (1:1) fungicide
Treatment

Conidail germination

Figure 20: Percent of conidial germination in different treatments, E; extract and F;
fungicide
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CHAPTER FIVE: DISCUSSION
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Discussion

The olive leaf spot is wide spread in Palestine (Salman et al., 2011;
Abuamsha et al., 2013; Hajjeh et al., 2014). Five regions (Qalqilia, Tulkarm,
Nablus, Jenin and Salfit) were considered as highly affected by the disease
(Salman et al., 2011). The disease severity and index in these regions were
higher than in other regions in Palestine (Salman et al., 2011). This work
showed that the germination of the spores of the fungus collected from these
regions was highly variable. Despite the high viability of the spores,
variations in germination rates were recorded as mentioned above in table (4).
The samples were collected during March when the conditions (RH, T) are
optimum for disease development. Salman et al., (2011) showed that the
latent infection and severity were maximum during the same month of the
year. The differences in germination rate might be attributed to the
microclimatic conditions that exist in these regions (Hajjeh et al.,
2014).Several studies proved that the fungus optimum growth conditions
include high RH (> 85%) low temperature (15-21°C) (Graniti, 1993; Guechi
& Girre, 1994; Obanor et al., 2008a).

In this study we found genetic variation among S.oleagina different isolates.
Based on the clustering analysis after Box PCR, the isolates were grouped

into three groups according to geographical regions. The differences could
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also be due to the selection of pathogen genotypes by the environmental
conditions and disease management in the different regions.

In this work, each group consists of regions that are similar in climatic
conditions. For example, the first group (Nablus and Ramallah) are closely
related compared to the second group (Tulkarm, Qalgilia and Salfit). Another
explanation of the variation in pathogen populations might be generated by
mutation, migration and recombination (sexual or asexual) (Obanor et al.,
2010). Based on our results it is possible that, these forces have not acted
sufficiently produce genotypic variation among the same group of the
Palestinian isolates. However, it might act to produce variation between the
different groups of the isolates.

The low genetic diversity might result from asexual mode of reproduction that
predominates among S. oleagina (Graniti, 1993).

The nucleotide sequences of the 16s region of rDNA were obtained from six
S. oleagina isolates; except for the fungal isolate from Qalqilia, the
comparative analysis of these sequences showed a high degree of similarity.
This study showed that the olive leaf spot disease could be controlled using
the LE from A. artemisiifolia. Based on in vitro results, the different extract
concentrations inhibited S.oleagina conidial germination and germ tube

elongation. In this study, seven concentrations of the extract tested markedly
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reduced the germination of S. oleagina conidia. The germ tube length of
conidia exposed to extract was less than that of control conidia, indicating that
the extract have an inhibitory effect on germination and elongation of the
germ tube. The germination rate of the spores was reduced significantly with
increasing plant extract because the effective material is increased.

All concentrations of the extract reduced percent of germinated conidia
compared to the untreated control. The 2.5 and 5% concentrations were
considered the most effective in preventing conidial germination and
decreased significantly the mean percent of germination.

Application of copper-based fungicides is currently the main method of olive
leaf spot control in many olive growing regions of the world (Obanor et al.,
2008; Sistani et al., 2009). However, due to the negative effect of the
fungicides on the human and the environment, the use of plant leaf extract in
combination with chemical fungicides might be a realistic approach to
decrease the amount of fungicides being used in controlling the disease.

Using a mixture of plant extract and fungicide against growth of the fungal
conidia resulted in significant reduction in conidial germination. Although
treatments of fungicide and extract reduced percentage of germinated conidia;
the 1:1 combination of extract and fungicides was the most effective

treatment against conidial germination (5.36%germination rate).

52



Several studies using natural products have demonstrated the possibility of
their use to control pests and diseases. Researchers have identified other
natural products (chitosan, [B-aminobutyric acid, glucosinolates, propolis,
fusapyrone, ethephon, microbial products, and plants extracts) that induce
resistance against fungal pathogens. These products are used around the world
to enhance quality and yields in agriculture setups (Tripathi & Dubey, 2004;
Thakur &Sohal, 2013).

Copper fungicides are the chemicals most commonly used to control OLS in
New Zealand olive groves and have also been showed to be effective in
controlling OLS in California olive groves (Teviotdale et al., 1989). Other
chemical treatments including mixtures of difenoconazole (Score 25 EC) and
mineral oil (Texaco Spraytex CT774) have been reported to reduce infection
(Sistani et al., 2009).

Obanor et al., (2008) reported copper sulphate and a mixture of kresoxim-
methyl and copper hydroxide were the most effective, reducing disease
incidence by 85-96% and 63-93%, respectively.

Several alternative techniques have been applied to control OLS disease in

recent years; Genetic resistance represents an effective, economically feasible
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and ecologically sustainable mean to control the peacock disease (Zine El
Aabidine et al., 2010; Sanei & Razavi, 2011; Rhouma et al., 2012).

A natural product of vegetable oil of Brassica carinata was used for the
control of OLS, the vegetable oil reduced conidial germination 47, 20%
compared with untreated experimental controls 56% (Rongai et al., 2012).

A clear variation in the sensitivity against the fungus was revealed when 14
local and imported olive cultivars were subjected to 12 S.oleagina strains
under artificial infection in the glass house (AL-Chaabi et al., 2012).
However, the level of susceptibility of olives to OLS is widely variable
(Graniti, 1993; Sutter, 1994). Several varieties (e.g. Leccino and Valatolina)
are resistant while other varieties such as Arbequine, Frantoio, Barouni and
Nabali are sensitive (Sutter, 1994; Macdonald et al., 2000; Sanei & Razavi,
2011). Experiments carried out by Vidotto et al., (2012) showed that A.
artemisiifolia inhibits the germination and growth of tomato (Solanum
lycopersicum) by more than 50%.The same authors showed also a reduction
in growth of Brassica spp.

In treatments with ragweed on oat (Avena sativa L.); the inhibition on the
shoot development was higher than 80% according to Novak et al.,(2018). In
addition to that, the shoot length of sunflower (Helianthus annuus L) was

reduced by 43.09%after treatment with ragweed (Novak et al., 2018).
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Bruckner (1998) and Hodisan et al., (2009) reported a significant reduction in
the germination percentage of test-species in treatment with water extract of
ragweed.

Choi et al., (2010) determined that the inhibition of germination in three
different test-species in treatments with leaf extract from ragweed was 68.3,
74.6 and 87.3%. The difference in the effect on germination in the reported
study can be attributed to the different concentrations of extracts as well as
different plant parts used for preparation of extracts.

Novak et al., (2018) showed that ragweed was the species with the
significantly stronger allelopathic effect compared to common cocklebur.
Results recorded for ragweed by Novak et al., (2018) are consistent with
those reported by Bruckner (1998), Csiszar et al., (2013) and Vidotto et al.,
(2013).

This study is the first of its kind that used LE from A. artemisiifolia to control
Olive Leaf Spot caused by S. oleagina in Mediterranean region. The data
obtained led us to conclude that extract can be used to control S. oleagina. In
addition to that, we determined that 2.5 and 5% were the best concentration
suitable to obtain an effective inhibition of conidial germination of the olive

leaf spot disease.
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CHAPTER SIX: CONCLUSION AND
RECOMENDATIONS
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6.1 Conclusions

This study is the first of its kind to use leaf extract from A.artemisiifolia to
control the olive leaf spot disease caused by S.oleagina. The aqueous extract
has a high inhibitory effect on spore germination of the fungus under in vitro
conditions. This study opens the way for development of bioactive natural
products, with the added benefits of an environmentally safe and
economically viable product.

Considering the extract; it can be viewed as the best choice for the control of
the disease in Palestine. Further studies are needed to test the efficacy of this
extract under field conditions for a better control planning of peacock disease
in Palestine and to modify and develop its active ingredients.

This study also enabled us to obtain the best ratio between the extract and the
fungicide (1:1, v/v), which reduces the effect of negative fungicide in the
ecosystem.

Also, this study showed that different S.oleagina isolates had level of genetic
diversity according to geographical regions, and this probably because
asexual reproduction is the major method by which this fungus spreads its

populations.
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6.2 Recommendations

1. Avoid the use of fungicides alone because of their multiple negative
effects.

2. Spray infected trees with the best combination of plant extract and
fungicide (1:1) at the beginning of the rainy season in autumn before
flowering.

3. Repeating spraying infected olive trees with plant extract several years to
eradicate the disease.

4. Proper pruning and removal of weak branches annually for ventilation and
entering the sun to reduce the spread of the disease.

5. Educating farmers about the harmful effects of fungicides and advising

them to replace it with biocontrol means.
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