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Allelopathic effect of Plant extract from Ambrosia artemisiifolia on inhibition of Orobacnhe 

aegyptiaca seed germination and plant host interaction 

 

Abstract 

Orobanche species are a root holoparasitic plant lack of chlorophyll and 

completely depending on the host to complete their life cycle.  They are classified 

as the most important parasitic plants in the world because of economic and 

financial losses in crops that may reach 100%. Due to the lack of sufficient 

information available to farmers, and the non-viability of traditional, chemicals and 

anti-herbicides to eliminate this herb. And also the possibility of killing the host 

plants instead of the parasitic one. For these reasons new biocontrol ways were 

developed. Ambrosia artemisiifolia plant leaf extracts can be a promising 

biocontrol herbicide. Because Orobanche seeds can stay dormant for long period, 

seeds were incubated for 7 days in dark to break their dormancy. During this 

period plant, leaves were collected and 10% (w\v) extract was prepared. Extract 

(10%) was experimented on seeds germination and using growth regulator (GR24) 

instead of root exudates. This step confirmed that Ambrosia artemisiifolia plant 

leaf extracts inhibited seed germination, while seeds with GR24 grew normally. 

Seeds were treated and incubated for 5 days with different extract dilutions (0.0, 

0.5, 1.0, 1.5, 2, 2.5, 5 and 10%) to estimate their germ tubes length and to calculate 
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germination percentages, where germination percentages at 2.5%, 5 % and 10% 

were 0% without germ tube elongation, and the highest germination percentages 

were 94% at 0.5%, and other germination percentages were: 84% at 1%, 32% at 

1.5% and 24%at 2%. Then different solvent were used to dissolve plant extract 

(water, ethanol, and methanol), water was detected the appropriated one where it 

completely inhibit seed germination.  

After comparing the effect of the pesticide (Chlorsulfuron) with the effect of the 

extract, it was found that the effects of the extract on preventing seed germination 

were higher than the effects of the pesticide, which proves that plant extract has a 

huge ability to compete with the chemical herbicides. 

To prove this, a potting experiment was conducted to study the effect of the extract 

(2.5% and 5%) on the germination of Orobanche seeds, in addition to studying its 

effect on the germination of model plant. It was noted that the extract had the 

ability to prevent seed germination by a percentage, but at the same time, it did not 

affect the growth of the model plant. 
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Introduction 

General Introduction 

The Parasitic weeds of the family Orobanchaceae are considered to be the most 

serious agricultural pests causing economic loses in many parts of the world 

including warm-temperate, subtropical and tropical regions. There are more than 

150 species of Orobanche, (Mondal, B, et al., 2020) 

Only five species (Phelopanche ramosa, Orobanche cernue, Orobanche cumana, 

Orobanche crenata and phelipanche aegyptiaca) are considered significant 

parasites of the agronomic crop in the world (Punia et al., 2012). The genus 

Orobanche vary in their infection range (i.e. from narrow to broad range of 

infection) (Cochavi A.,et al, 2017). 

As an obligate holoparasitic weeds (they have no green parts that contain 

chlorophyll and cannot synthesize their own foods), they are considered as a major 

biotic limiting factors to the production of many plants (Cartry D,et al., 2021). 

These parasites can infest different types of crops such as: hemp, carrot, cabbage, 

chickpea, faba bean, sunflower, lentil, eggplant, potato, pea, celery, tobacco and 

vetch (Eizenberg et al., 2001). The amount of damage caused by Orobanche 

depends on the degree of infestation and type of the host crop cultivated. Yield 
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losses as a result of infestation by Orobanche may range from 5-100 % depending 

on the region and the crop (Ennami M,et al., 2017). 

Moreover, Orobanche species can reduce crop quality and reduce the area under 

cultivation. In addition to that, the presence of parasitic plant material in harvested 

crop products may reduce the value of the crop or make it unmarketable 

(Habimana et al., 2014). 

Orobanche species are difficult to be controlled because of their underground 

location in close association with host plant roots, complex mechanisms of seed 

dispersal and nature of seeds germination and longevity. 

The most common methods to control Orobanche include traditional methods such 

as crop rotation, trap and catch crops, sowing dates and cropping density, chemical 

and physical methods. 

 Unfortunately, these methods are not enough to reduce Orobanche seeds 

germination and also it may damage host plant and lead to develop resistant 

Orobanche species (Eizenberg et al., 2001). 

In recent years, biological control has been applied to reduce Orobanche 

infestation (Müller-Stöver et al., 2005). Biological control is one of the most 

effective and safe alternatives which depend on organisms or another plants to 

replace herbicides and limit their use. Some biocontrol agents such as Fusarium 
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oxysporum sp. orthoceras in fields contains Orobanche resulted in 90% control of 

Orobanche in sunflower or tomato (Nazer Kakhaki et al., 2017). 

The use of plant extracts might also be one of the alternatives to overcome 

problems caused by Orobanche. Extraction is the separation of medicinally 

mixture of many plant secondary metabolites, such as alkaloids, glycosides, 

phenolics, terpenoids, and flavonoids using selective solvents through standard 

procedures. The aim of all solvent extraction methods is to separate the soluble 

plant metabolites, leaving behind the insoluble cellular marc. Plants extracts are 

becoming very important due to their uses mainly as a source of therapeutic 

compounds that may lead to the development of novel drugs (Dekebo, A. 2019). 

also it was used to effect on growth and photosynthetic fluorescence  (Shi et al., 

2020), and it was  found that have effects on ecological safety by reductions some 

poisons elements. 

In this study, Ambrosia artemisiifolia will be tested for the possibility to control 

Orobanche aegyptiaca. 

 

Objectives 

- Determination of effect of A. artemisiifolia leaf extract on seed germination 

of Orobanche under in vitro conditions.  

- Testing the effect of extract on haustorial and germ tube elongation. 
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- Identifying the ED50 of the extract. 

- Examining the inhibition of tubercle attachment to the roots of host plants. 

- Examining the possibility of integrating chemical herbicides with leaf 

extract to control Orobanche parasitism. 
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Literature Review 

Morphology and biology of Orobanche species 

Orobanche are dicotyledonous annual plants that differ in length depending on the 

species which can reach more than 30 cm  (Punia et al., 2012), and are known for 

their yellow to straw-colored stems and yellow, white, or blue, snap dragon-like 

flowers, with triangular scaled leaves that lack of chlorophyll (Yoder, 2001). On 

the leaf axial white and tubular flowers appear, with fruits located in capsules that 

contain numerous tiny black seeds.  

Orobanche reproduces by seeds which are oval-shaped and dark brown in color, 

the seeds are characterized by their tiny size, which is 0.35 x 0.25 mm, and weigh 

3 to 6 μg which make them difficult to be recognized by the naked eye (Figure 1).  

A single Orobanche plant flower can produce thousands of seeds per year. Seeds 

are released when capsules dry out and break open. The Seeds can stay dormant in 

the soil for about 20 years or more until environmental conditions become 

appropriate for germination (Rodenburg and Bastiaans, 2016). Before germination, 

seed must undergo conditioning period under suitable temperature and moisture 

conditions, to ensure that only seeds within the rhizosphere of an appropriate host 

root will germinate and contact to the host (Mauromicale et al., 2000). After 
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conditioning the Seeds start to germinate and the seedling must contact 

immediately with the host root to survive (Scher and Walters, 2010). 

 

Figure 1. Orobanche seeds (Source: Federal Noxious Weed Disseminules of the United States. 

https://idtools.org/id/fnw/gallery.php?show[]=fruit&remove[]=seed&page=3). 

Spreading of seeds is very easy due to their lightweight. The Seeds generally stay 

dormant and require a post-harvesting ripening period for their germination before 

response to chemical stimulation from the root of a host plant. Chemical stimulant 

stability is very short-lived in the soil, so seeds must undergo a conditioning period 

under suitable temperature and moisture conditions before their germination. These 

conditions confirm that only seeds with the rhizosphere of an appropriate host root 

will be germinated and make contact with a host root before exhausting its limited 
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energy resources (Morozov et al., 2000). The optimum temperatures for 

conditioning and germination are different between different Orobanche species, 

which is generally reflected its geographical distribution (Mauromicale et al., 

2000). 

After the conditioning phase, germinated seeds produce a germ tube or radical in 

close proximity to the host’s plant roots. This radical elongated by cell division 

attaches itself to the host root, mainly in the region of root elongation and 

absorption to develop an attachment organ called haustorium (Song et al., 2005). 

The haustorium acts as a bridge between the parasitic plant and host plant to drive 

water, mineral nutrients and carbohydrates from the host plant to the parasitic plant 

(Matusova et al., 2004). 

Enlargement in the radical tip leads the haustorial tissue to penetrate the epidermis 

and cortex tissues, and ultimately fuse to the root vascular system and establishes 

connections with the host root vascular system by enzymatic degradation. After 

that, the seedling swells outside the root of the host plant to form a tubercle. Due to 

the Orobanche being parasitic, they cannot synthesize their food, but instead draw 

their nutrient from the host plant by direct connection to the host phloem and drain 

the host plant of carbohydrates. Therefore, they force host plant to increase their 

photosynthesis rate (Domina, 2018) 
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The shoot buds are developed from the tubercle and produce flowering spike, 

which elongates and breaks through the soil surface within 1-2 weeks. After 43-58 

days of transplantation, the spike begins to emerge above the ground, where the 

flowering is completed in 7-13 days after emergence. The stem dries completely in 

26-38 days after the emergence of the spike and it completes its life cycle within 

37-70 days after emergence (Figure 2), and spills thousands of seeds per plant 

(Benvenuti et al., 2005). 

 

Figure 2. Life cycle of Orobanche species (Source: Cartry, et al., 2001). 
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Orobanche aegyptiaca 

Orobanche aegyptiaca is the most destructive parasite due to its ability to 

parasitize a large variety of crops, such as watermelon, tobacco, carrot, tomato, 

potato, lentil, cabbage, maize and others. It is widely spread in the Mediterranean 

countries and the Near East (Hasannejad et al., 2006). 

The pubescent glandular parasite grows up to 20-50 cm, is usually regular shaped 

and branched from the bottom with elongated branches that contain  spikes with 

low flowers and subsessile. The flowers have 8-14 mm Calyx and a 20-35 mm 

Corolla which is pubescent outside with white lower side and blue or lilac upper 

side (Figure 3) (Darvishzadeh et al., 2010). 
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Figure 3. Orobanche egyptiaca infesting eggplant (Source: Author). 

The induction of germination occurs by interaction between host and parasite 

through host root exudates (germination stimulants).The exudates are secondary 
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metabolites which are produced in low quantities by the hosts. In response to the 

exudates, the parasite produces a radicle that connects with the host root. the 

radical tip differentiates into a haustorium that penetrates the host root which forms 

the physical and physiological bridge between the parasite and host that carries 

water and nutrients from the host to the parasite leading to damages of the. A 

single plant can produce hundreds of thousands of seeds, which can remain viable 

in the soil for more than10 years (Rubiales 2003). 

 

Management of Orobanche 

Orobanche control is very difficult due to its underground growth. Close 

association with host plant roots, complex mechanisms of seed dispersal, seed 

germination, and long seed shelf life (more than 20 years) (Punia, 2014). 

 Furthermore, when the plant becomes visible above ground most of the damage 

has already been done, which means control would be not effective. Easy dispersal 

of tiny seeds and in different ways such as wind, water and livestock, are also 

major factors that reduce the efficiency of control measures (Punia, 2014). 

Several management practices of Orobanche have been made over the years but 

with limited effectiveness. 
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Preventive method 

The aim of an eradication program must be to reduce the seed bank by minimizing 

the production of new seeds and seeds dispersal to new places as well as to avoid 

spreading the infestation into neighboring fields. However due to continuous 

production and easy dispersal of seeds, it is almost impossible to prevent seed 

transfer from a heavily infested field to its close surroundings. To avoid 

Orobanche seeds dispersal from infested fields to a new area some phytosanitary 

measures can be taken into consideration, such as certified planting material, 

machinery and types of equipment cleaning , deep tillage must be done to place  

Orobanche seeds below a 20 cm soil depth and collection and burning of the 

parasite before flowering (Qasem, J. R. 2021). 

Cultural methods 

Crop rotation 

The main aim of crop rotation in controlling Orobanche is to reduce parasite 

infestation as a result of repeated planting of non-host crops for many seasons 

which will in turn reduce the seeds bank in the soil. Monoculture with the same 

Orobanche host crop on the other hand will increase Orobanche infestation (Duca, 

M, et al., 2019). 
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Trap and catch crops 

‘Trap crops are very important method that cause a suicidal seed germination such 

as wheat. The method might be considered a good management option for reducing 

Orobanche seed bank in infested fields. The catch crops exude stimulants to induce 

Orobanche seeds germination and establishment of Orobanche roots without 

viable attachment to host. The parasite seedling wilts and the seed bank can be 

reduced. The crops that induce Orobanche seeds germination but do not support 

the seedling after attachment may serve an excellent trap crops as well (Aksoy, E, 

et al., 2016) 

The use of trap and catch crops is limited due to the huge amount of Orobanche 

seeds dispersal in the soil. Small amounts of seeds can be exposed to germination 

stimulants in the rhizosphere. The feasibility and economics of growing these 

crops sometimes are very low (Abebe et al., 2005). 

Sowing dates and cropping density 

Early planting dates are beneficial in certain instances, to help in reducing the 

parasitism of Orobanche, germination of Orobanche tends to be very much 

reduced below 8 °C and further development is greatly reduced at low 

temperatures. Delaying the planting date affects Orobanche more than its 

hosts(Yadav et al., 2005) , for example results in faba bean showed that shifting 
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sowing from October to November, December or January reduced numbers and 

dry weight of attached and emerged broomrapes  both O. crenata and O. foetida 

(Grenz , 2005). 

Water management 

Less infestation of the parasitic weed has been observed growing under flooded 

irrigation compared to sprinkler irrigation. Orobanche seeds can grow heavily 

under conserved moisture than seeds under extended period of inundation. While 

not all plants can grow underwater flooded making this method not effective 

(Punia, 2014).  

Nutrient management 

Orobanche tends to be associated with less fertile soil conditions. High levels of 

nitrogen fertilizer or chicken manure showed a suppressive effect. The main effects 

could be due to, reduction of stimulant exudation, direct damage to Orobanche 

seeds and seedlings in the soil, reduced osmotic pressure in the parasite relative to 

the host, a toxic effect of nitrogen on the parasite development and alternation of 

host roots and shoots balance (Labrousse et al., 2010). Other studies (Haidar and 

Sidahmed, 2006) showed that application urea or ammonical forms of nitrogen 

during germinating phases can reduce radical germination and Orobanche 
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proliferation. Adequate amount of phosphorus and potash fertilization are required 

to raise and maintain the crop productivity. 

Physical methods 

Hand weeding/hand pulling 

This method can be effective and practical if it applied before flowering. However, 

the emergence of new inflorescence from below-ground plant part within 7-10 

days, thus requires frequent repetitive weeding practices. This method can limit 

seed production but doesn’t compensate for the damage in terms of yield losses. 

The method can only be accepted in an area with recent infestation, in combination 

with other methods to reduce seed bank (Banik, D, et al., 2020). 

Tillage  

Deep tillage during summer months leads to seeds drying and places seeds below 

root zone that prevent seeds germination. However, it’s not an effective method 

due to aging 20 years at viability .In addition to that tillage may retrain seeds in 

root zone (Haidar and Sidahmad 2006). 

 

 



 
18 

 

Soil solarization 

This method is effective to kill the seeds and reduce seed bank by covering the soil 

with polyethylene sheet the treatment increased maximum soil temperature by 

around 10 C, and at 5 cm below the soil surface temperature reach more than 45 C 

 (Haidar and Sidahmad 2006). This treatment can kill about 95% of viable seed, 

and induced secondary dormancy in the remaining 5%. 

Chemical methods 

This method is complicated because it depends on use of prophylactic treatment 

and unknown level of infestation level. The herbicide has low persistence and the 

parasite can germinate and grow continuously and develop new infections (Perez-

de-Luque et al. 2010). 

Control with Glyphosate 

Glyphosate is systemic herbicides that is used to control Orobanche, on different 

crops that are tolerated to glyphosate such as faba bean, carrot cabbage and celery 

(Rubiales and Fernandez-Aparicio, 2012). 

Glyphosate is a broad spectrum nonselective foliar herbicide. Its efficacy in 

Orobanche management is quite useful limited and needs critical precaution to 
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achieve effective results. Moreover the higher dose of glyphosate at early crop 

stages because localized phytotoxicity with many symptoms like marginal leaf 

chlorosis, slow leaf growth, interveinal leaf bleaching, and slight elongation of 

apical leaves (Pathak and Kannan, 2014). 

Soil fumigants 

Methyl bromide was one of the most common soil fumigants that were used to 

control Orobanche in the field. However, due to its high negative impacts on 

human health and environment, the product has been banned by World Health 

Organization (WHO) and Agricultural authorities. Other compounds such as 

methyl isothiocyanate was suggested for Orobanche eradication. The compound is 

only effective in deep soil layers due to its rapid evaporation (Mauro et al., 2015) 

Seed treatment 

Seeds coating with some chemical such as imidazolinones and/or pronamide   was 

effective for controlling Orobanche germination, in bean sunflower seed 

(Matthews 2002). 
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Biological methods 

Several biological control agents were test for their efficacy to control Oroabanche. 

The fly Phytomyza orobanchia, fungus Fusarium oxysporum sp. orthoceras and 

some bacterial isolates showed promising results as alternative to chemical 

treatments or other control mechanisms ((Nosratti, et al., 2020). 

 

Ambrosia artemisiifolia  

The plant Ambrosia artemisiifolia  is an annual herb belongs to phylum 

angiosperms (Angiospermatophyta), class of Dicotyledonouses 

(Dicotyledonopsida), the order of composites (Asterales), family Daisies 

(Asteraceae), subfamily disc florets (Tubuliflorae) and genus of ragweeds (Wayne 

et al., 2002). This genus Ambrosia contains 42 species. It’s originally introduced 

from North American and can also be found in Europe, Asia and South America 

(Gaudeul et al., 2011). 

The plant grows in modest and in poor soil and reaches more than 150 cm in rich 

soil (Ploetz et al., 2013). 

Ambrosia artemisiifolia is usually grow in cultivated fields, along with roadsides, 

and in open disturbed habitats due to little competition during early growth (Pinke 

et al., 2011). During the growing period, the A. artemisiifolia has high water use 
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efficiency and high nitrogen efficiency and its photosynthesis ratio is very high 

during blooming. While it grows rarely in soil containing high Na, K and Mn 

concentrations (Kiss and Beres, 2006). 

It can tolerate leaves loss due to the good root system (Gard et al., 2013). It is the 

monoecious allergenic herb in which male inflorescences contain numerous 

flowers located on the upper terminal branches. The female flowers are located in 

lower leaf axils near the stem (Figure 4).  
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Figure 4. A. artemisiifolia (Source: Author). 

Despite its harmful effect on agriculture, human health, biodiversity and 

environment, A. artemisiifolia can be used in animal feed (Ploetz et al., 2013). 

Moreover it can use in Phytoremediation for extracting heavy metal content from 
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the soil. In this case (Taylor, 2005). In addition to that, A. artemisiifolia is used in 

traditional medicines in native North Americans (Mamedov, et al., 2015). A recent 

study conducted by Kleef and Salman (2021) reported that leaf extract of A. 

artemisiifolia could inhibit germination of fungal spores under in vitro condition.  
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Materials and Methods 

 Orobanche seed collection 

Seeds were collected from mature plants during spring in fields grown with Faba 

bean plant and infected with Orobanche eagyptiaca. The seeds were kept in dark at 

room temperature until use. 

 Seed sterilization 

Surface sterilization was carried out by placing seeds in tea-bag after remove tea 

from them, which was then washed for 10 min under running tap water. The seeds 

then were placed in 10% ethanol for 5 min.  Followed by washes 5 times (each 

with100ml autoclaved tap water).The seeds were transferred to beaker containing 

100ml of 1% hypochlorite solution containing 250µl of tween-80 for another 5 

min. After 5 times washes, seeds were allowed to dry on Whatmann No. 1 filter 

paper inside Petri dishes. The dried seeds were collected and stored in sterile 

screw-cap tubes. (Barghouthi and Salman 2010) 

 Seeds Preconditioning 

Autoclaved Glass fiber filter papers disks (GFP, 1 cm diameter) were placed in 9 

cm petri dishes containing sterilized Whatman No 1 filter paper and soaked with 3 

ml tap water. Orobanche seeds were aseptically sprinkled on GFP (~ 30 seeds per 
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disk). The plates were sealed with Parafilm and incubated in the dark for 7 days at 

25°C (Figure 5). 

 

Figure 5. Preconditioning of Orobanche seeds on GFP, 1 cm diameter placed in 9 cm petri dishes 

 

 Preparation of Growth regulator GR24 stock solution 

Stock solution (1000 ppm/ml) of the Strigol analogue GR24 was prepared by 

dissolving 1mg in 1ml acetone and stored at -20°C in the dark, a working solution 

Contained 2 ppm/ ml of GR24 was used in further experiment. 
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Preparation of A. artemisiifolia water leaf extract 

A. artemisifolia plants were collected from the PTUK farm. The leaves were 

picked up wrapped in the aluminum foil and dried in the oven at 65°C for 48 h. 

The dried leaves were cleaned from the vines and mixed to have a fine powder. A 

10% (w/v) extract was prepared by soaking 10 g of the powder in 100 mL distilled 

water for 24 h on a horizontal shaker at 110 rpm. The extract was filtered through a 

double layer of cheesecloth followed by filtration through Whatman No 1 filter 

paper the extract was stored at 4°C until use. 

 Leaf extraction with different solvents 

A. artemisiifolia fresh leaves were picked. Then they were chopped in to small 

pieces with mixer. After that, 30 grams of the sample were taken and soaked in 

300ml of ethanol and methanol. The sample was put on the magnetic stirror for (1, 

2 and 3 day). Then again leaves were picked and put on aluminum foil. Then they 

were put in the oven at 65°C for 3 days. After that, the dried leaves were cleaned 

from the large veins. Then were ground with the mixer to have fine powder, 30 

grams of the sample was taken and soaked with 300 ml of ethanol and methanol, 

samples were put on a magnetic stiller for (1, 2 and 3 day). After (1, 2 and 3 days), 

the samples were left to stand for 15 min, filtrated by filter paper. The filtrated 

solutions were extracted using (1:1, V: V) Ethel Estate® by the separatory funnel, 
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to extract the organic matter from the solution, separatory funnel was shaken for 30 

to 60 second put them for 2 to 3 min until the solution separates into  two layers. 

The upper layer was taken and put in a small beaker. Magnesium sulfate was added 

to the solution in the beaker, to remove excess water.  

Then it was filtrated with filter paper, solution was taken and put into rotary 

evaporator at 55 °C and 80 rounds per minute. Finally, the residues were taken by 

spatula, put in   eppendorf tube, and kept at 4°C until use. 

Methanol and ethanol leaf extract (1, 2 and 3 days), samples were left until rest for 

15 min. After that, the samples were filtrated by filter paper. Then the solutions 

were taken and put directly on a rotary evaporator at 45°C and 80 rounds per 

minute to evaporate ethanol and methanol. Finally, the residues were taken by 

spatula and put in eppendorf tube, kept on 4 °C until use. 

Stock solution 

A100 mg of each stock was taken separately, and then it was dissolved in 1000 μL 

acetone with mixing at high speed and stored at 4 °C. Serial dilutions were done by 

completing the volume with sterile distil water up to 3 ml to have a final 

concentration of 0.5, 1, 1.5, 2, 2.5 and 5 %. 

Six plates for each treatment were done, the autoclaved filter papers were put 

inside plates. Then the solution drained in each plate, after transferring 



 
28 

 

preconditioned seeds to the plate. After that, plates were sealed with parafilm and 

incubated in dark for 5 days at room temperature. Seed germination was examined 

microscopically using dissecting microscope. 

 The effect of the Extract on Orobanche seeds germination 

To test the effect of A.artemisiifolia on germination of Orobanche seeds. 

Preconditioned seeds (on GFP) were placed in petri dishes containing Whatman 

NO 1 filter paper as mentioned before. The seeds were then treated with 3 ml of 

the following solutions (autoclaved distilled water as a negative control), 10% 

plant extract, GR24 (2 ppm/ml in water as a positive control) and (GR 24 ppm/ml 

in plant extract (0.5, 1, 1.5, 2.0, 2.5, 5 and 10%) the petri dishes sealed with 

parafilm and incubated in the dark for five days at 25°C. Seed germination was 

examined under microscope at 40 X magnification power. The radical length was 

estimated on a scale relative to seed length (usually from 0 to 5). 

 Determining the ED50 of the extract 

The effective dose for 50% of the population which the dose that produces a 

specific biological effect in 50% of the population that took the dose. Different 

dilutions of the extract were made contains GR24. Drained on filter papers inside 

plates. The preconditioning seeds on glass fibre filter paper were transferred to the 

drained plate. Finally, the plates were sealed with parafilm and incubated in the 
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dark for five days at 25°C. Seed germination was examined microscopically with a 

dissecting microscope. 

 

Effect of chemical herbicides (Chlorosulfuron) and leaf extract 

combination on controlling Orobanche seeds germination 

A solution from Chlorosulfuron herbicides was prepared by dissolving 16 mg in 

10L water as mentioned in product’s instruction. In order to test the effect of 

herbicide and leaf extract solution combinations on seeds germination. A 

combination of both solution was prepared as by combination (0.1, 0.5, and 1%) of 

herbicide each one with (0.5, 1, 1.5, 2, 2.5, and 5%) of extract. After that 

germination of preconditioned Orobanche seeds was tested as explained before. 

 Pot Experiment  

Field experiment was conducted in in the greenhouse of the Palestine Technical 

University – Kadoorie, during February 2020. 

Tomato TR20 seedlings were used as a model plant to test the effect of A. 

artemisiifolia and herbicide in inhibiting Orobanche aegyptiaca seeds germination. 

All accessions were transplanted in (2L) plastic pots filled with soil (field soil) and 

peat moss (3:1 v/v) and mixed with Orobanche seeds. Each pots were arranged as 
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triplicates in a single row, first row was irrigated with 2.5% of plant extract and 

pots were containing Orobanche seeds inside, next one was irrigated with 5 % of 

plant extract and also containing Orobanche seeds, next one was irrigated with 2.5 

and 5 % of extract and combination with herbicide Chlorosulfuron which was 

prepared by socking 16mg/10L water as mentioned in the instruction, pots also 

containing Orobanche seeds inside them, another row was irrigated with herbicide 

Chlorosulfuron only and it was containing Orobanche seeds . The last two rows 

were irrigated with water and used as control, one was containing Orobanche seeds 

inside the pots as (control positive) and the other don’t include seeds as (control 

negative). 

Each triplicate were irrigated with equal amount by Graduated cylinder at the same 

time and when they need. 

In April the effect of the extracts were recorded by tracing the growth of the 

Orobanche seeds and the appearance of the Orobanche above the soil surface, also 

fresh and dry weights of roots and stems as well as the length of tomato seedlings 

were recorded. 

Statistical analysis 

All experiments were done in triplicates and repeated three times. Statistical 

Analysis was done using ANOVA after Tukeys HSD test at p≤0.05. 
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Results 

Effect of extract on Orobanche seeds germination 

Germination of seeds was reduced with increasing plant extract concentrations 

(Figure 6 A-I). Normal germination was obvious in seeds treated with GR24 

(Figure 6A). Few seeds were able to germinate in 0.5-2.0% leaf extract (Figure 6 

B-6 E). In 2.5-10% leaf extract, complete inhibition of seed germinations was 

obvious (Figure 6 F-6 H). No germination was reported in seeds treated with water. 

The percent of seed germination was significantly different (p< 0.05) in seeds 

treated with 1.5 and 2% extract. Lower concentrations of the extract (0.5-1.0%) did 

not affect seed germination significantly compared to the seeds treated with GR24 

(6 ppm). As shown in figure (7) no germination of the seeds was recorded at higher 

concentrations (2.5-10%) of the leaf extract. 
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Figure 6.A: Seeds germination of Orobanche in water with GR24 (control+), B: Seed germination under 

0.5% leaf extract, C: Seed germination under 1.0% leaf extract, D: Seed germination under 1.5% leaf 

extract, E: Seed germination under 2.0% leaf extract, F: Seed germination under 2.5% leaf extract, G: 

Seed germination under 5.0% leaf extract, H: Seed germination under 10% leaf extract, I: Seed 

germination under 0.0% leaf extract in water with no GR24 (as a negative control) 

 

I 
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Figure 7. Percentage of germination at different concentration of A.artemisiifolia extract and water with 

GR24 (control+), water without GR24 (control-). 

 

Effect of Extract on radical length 

Not only the extract reduced the germination percentage of Orobanche seeds (as 

see above), but also the length of the germ tube was reduced (Figure 8). At lower 

concentrations of the extract, the length of the germ tubes was significantly 

(p<0.05) lower than that in the seeds germinated with GR24 (Figure 8). The results 

showed that the length of the germ tube in seeds treated with 2.0% leaf extract was 

shorter than that in seed treated with 1.5% extract, the first day of measure the 

germ tube is the five day  of incubation the preconditioning seeds. 
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Figure 8. Germ tube length related to seed length treated in 1.5 and 2 % of plant extract. 

Identifying the ED50 of the extract 

The ED50 (median effective dose) is the dose that produces a specific effect in 

50% of the population , Knowing this point is necessary for the possibility of 

combination the extract with other herbicides or others materials and reducing the 

negative impact of the high concentration of the extract. 

Our results (figure 9) showed that extract concentration 1.3% could inhibit the 

germination of 50% of Orobanche seeds in in vitro conditions. 
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Figure 9. ED50 of the plant extract. 

Effect of extraction method on seed germination 

Figures (10, 12 and 14) show the results of using different solvents (ethanol, 

methanol and water) for active ingredients extraction for different periods of 

soaking (1, 2 and 3 day) of fresh and dry plant leaves.  

As shown in the figures below, complete inhibition of seed germination was when 

soaking dry leaves in water at (1, 2 and 3 day). 

in the other solutions ethanol and methanol there were decreasing in seeds 

germination percentage when dry plant leaves were used, on the other hand there 

was no decrease in the fresh leaves when they dissolving in water, ethanol and 

methanol this may be due to chlorophyll pigments which obstruct dissolving. 
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In figures (11, 13 and 15) show that the best treatment is 5 % of extract in all three 

days, also figures show that 5 % extract decreasing in seeds number germination in 

all different solvent but in the dry leaf solvent was more effective and decreasing 

in germination numbers until complete inhibition in 5% dry leaf in water. 

 Also figures (10, 12 and 14) show increased inhibition of germination rates with 

time.   

 

Figure 10. Percent of seeds germination in different solvents (ethanol fresh and dry, methanol fresh and 

dry, water fresh and dry) in one day . 
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Figure 11. Percent of germination of Orobanche seeds after one day of treatment with different 

concentrations of A. artemisiifolia leaf extract. Data were pooled across all solvent type. 

 

 

Figure 12. Percent of seeds germination in different solvents (ethanol fresh and dry , methanol fresh and 

dry, water fresh and dry) in second day. 
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Figure 13 Percent of germination of Orobanche seeds after two day of treatment with different 

concentrations of A. artemisiifolia leaf extract. Data were pooled across all solvent type. 

 

 

Figure 14. Percent of seeds germination in different solvents (ethanol fresh and dry , methanol fresh and 

dry, water fresh and dry) in the third day. 
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Figure 15. Percent of germination of Orobanche seeds after three day of treatment with different 

concentrations of A. artemisiifolia leaf extract. Data were pooled across all solvent type. 

 

  Integrated control of seed germination: 

The figure (16) shows that there is no growth for the seeds that were treated with 

the combination (0: 5 and 0:2.5) herbicide: extract, and those that were treated with 

(1:0) herbicide: extract. 

 When a mixture was made between the herbicide and the extract with different 

combinations of each, it was found that there was seed growth with significant 

differences (p< 0.05)  between each mixture and the other, where the seed growth 

percent was higher at combination (01:05) herbicide: extract. 
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The figure also shows that herbicide and extract combinations (0.5:2.5, 0.5:5, 1:2.5 

and 1:5) herbicide: extract, were the most effective combined treatment against 

seeds germination with no growth of seeds. 

 

Figure 16. Percent of seeds germination in different treatments in herbicide and extract and herbicide 

extract combination. 

 

Pot experiments 

As for pot experiments on Tomato seedlings after 80 days of planting, extract 

application shows inhibition in Orobanche seed germination completely when 

irrigated with 5% extract, figure (17). 
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Figure 17. Tomato seedling irrigated with 5% extract. 
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 On the other hands figure (18) shows small spikes on the pot surface, this spikes 

was started to appear at the surface after 75 days of planting seedlings and 

irrigations with extract, also figure appears the spikes number comparison with 

control positive pot, figure (19)  which was irrigation with water and containing 

large numbers of Orobanche.  
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Figure 18. Orobanche seeds germination in tomato seedling irrigated with 2.5% extract. 
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Figure 19. Orobanche seeds germination in tomato seedling (Control positive) irrigated with water. 
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Moreover there were significant differences between the number of appeared 

Orobanche above the soil surface, the number of seed which grown under the soil 

in these pots compared to that in the positive control pots as shown in the table 

below. 

Table1. The number of Orobanche above and under soil surface. 

Pots name Numbers of 
O.above 

Numbers of 
O.under 

Control - 0 0 

Control - 0 0 

Control- 0 0 

Control+ 55 0 

Control+ 44 10 

Control+ 51 0 

Herbicide 0 0 

Herbicide 0 0 

Herbicide 0 0 

2.5% 5 6 

2.5% 0 3 

2.5% 3 10 

5% 0 0 

5% 0 0 

5% 0 0 

 

(Figure 20) shows that there is no significant difference between the height of the 

plant that was irrigated with water and the plant that was irrigated with the extract 

at a concentration of 2.5%, and with the increase in the concentration of the extract 

to 5%, or using the herbicide, we notice the negative effect on the height of the 
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plant, which has no significant difference between it and the negative effect of 

control +. 

 

Figure 20. The effect of different treatment on plant height (cm). 

The figures below show the positive effect of the extract at a concentration of 2.5% 

on both the dry and fresh weight of the shoot and the root, with significant 

differences between the weights of the plants which were irrigated with such 

extract concentration and those which were irrigated with the herbicide. 
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Figure 21. The effect of different treatments on shoot fresh weight of tomato seedling (g). Data of 

different letters are significantly different after Tukeys HSD test using ANOVA at p<0.05. 
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Figure 22. The effect of different treatments on shoot dry weight of tomato seedling (g). Data of different 

letters are significantly different after Tukeys HSD test using ANOVA at p<0.05. 

 

Figure 23. The effect of different treatments on root fresh weight of tomato seedling (g). Data of different 

letters are significantly different after Tukeys HSD test using ANOVA at p<0.05. 
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Figure 24. The effect of different treatments on root dry weight of tomato seedling (g). Data of different 

letters are significantly different after Tukeys HSD test using ANOVA at p<0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

A 

C 

B B 

D 
 

0

2

4

6

8

10

12

14

16

18

20

2.5 5 Control Control+ Herbicide

D
ry

 r
o
o
t 

w
e
ig

h
t(

g
) 

Treatment 



 
52 

 

Discussion 

 

Palestine is one of the Mediterranean countries, which suffers from Orobanche 

problems. Orobanche affects a wide range of regions as well as a wide range of 

crops. Over years, traditional methods for preventing Orobanche problems were 

not effective, due to Orobanche ability to reduce yield (sometimes crops losing 

might reach 100%), large numbers of long lived seeds, and its easy dissemination  

(Silaev, 2021). 

The results of the present study indicated that leaf extract from A. artemisiifolia 

plant inhibited Orobanche seeds germination and reduced germ tube length under 

in vitro conditions. It has been shown that A. artemisiifolia contains some 

secondary metabolites (e.g. sesquiterpene lactones) that have some molluscicidal 

activity against the small tropical freshwater snail (Sturgeon et al., 2005). 

Herbicide formulations contain active ingredients, components of the herbicide 

formulation that responsible for being phytotoxic to weeds. Active ingredient can 

be divided into two categories including solvents and adjuvants. Common solvents 

include substances such as water (Gao et al., 2019). A single active ingredient 

often dissolve in several different kinds of solvents, usually water. Moreover, not 

all herbicide active ingredients are soluble in water,   usually fit into one of three 

solubility classes including water soluble, oil soluble, and non-soluble. 
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Solubility of herbicides in water generally decreases from salt to acid to ester 

formulations, but there are some exceptions. For example glyphosate is highly 

water-soluble and has a strong adsorption capacity (Helling et al., 1971). Due to 

the sesquiterpene lactones that located in the aerial part of the A.attrimisiifolia this 

may lead to make leaves extract dissolve in water more than others solvents 

(ethanol and methanol). In dry leaves extract form not in the fresh ones, may due to 

some pigments or food that storage in leaves which decrease the ingredients that 

inhibition Orobanche seeds germination. 

Chlorsulfuron is an active ingredient used in herbicides which can control select 

broadleaf weeds and other undesirable grasses. Originally used for agricultural 

weed control and selective control of weeds in wheat and barley, it is 100 times 

more active than traditional herbicides so very low rates are used in the field (Ray, 

T. B. 1982). 

In a previous experiment  (Ibrahim, et al, 2012) three herbicides; chlorsulfuron, 

triasulfuron and ima-zaquin were tested to evaluate their efficiency in controlling 

the tomato broomrape. The herbicides significantly reduced the broomrape 

parasitizing tomato plants growing in pots without visible injury effect on the 

plants.in the experiments, triasulfuron increased the dead spikes from 77% to 84%; 

chlorsulfuron from 51% to 84% and imazaquin from 52% to 84% at the 
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concentrations (0.5 - 5 µg·ml−1) compared with the control, this emphasis our 

results that shown above about chlorsulfuron which inhibition seeds germination in 

both perti dishes and pot experiment which was no Orobanche  aegyptiaca 

germination. 

In our pot experiment the extract inhibit Orobanche aegyptiaca seeds germination 

in pots that were irrigated with 5% of extract but few Orobanche spikes appear in 

the pots that were irrigated with 2.5%, this concentration was inhibited seeds 

germination under vitro conditions this may be due to different conditions between 

vitro and field conditions, conditions in vitro was controlled but not in field, also 

nature of plants and root absorption system of active ingredients, may also due to 

soil nature and interactions with the extract and plant root system,  the experiment 

carried in several  months which are different in weather. 

In pervious pot experiment biological control was carried  using  fungal pathogens 

Fusarium oxysporum  sp. orthoceras was the predominant species, it is  soil-borne 

fungi possess several advantages which render them suitable for the bioherbicide 

approach (Shabana et al, 2003), excellent control was repeatedly observed under 

laboratory and greenhouse conditions (Cohen et al., 2002a) observed reduction in 

Orobanche aegyptiaca attached to tomato in greenhouse experiments using host-

specific strains of F. oxysporum ,this methods in the field are rare, the results 
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already indicate that Fusarium spp. in most cases do not provide the level of 

control desired by farmers. Thus there has been no successfully demonstrated 

control of this weed using potential inundative bioherbicides. (Sauerborn et al., 

2007). This is in agreement with the results we determine   
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Conclusion 

 

Germination of Orobanche seeds was inhibited by leaf extract from A. 

attrimisiifolia under in vitro and greenhouse conditions. Up to our knowledge, this 

study is the first of its kind that considers plant leaf extract to control Oroabcnhe 

infestation. It might open the way for development of a new bioherbicide 

depending on natural formulation, with an added benefits of environmentally safe 

and economically viable products. 

The extract could be used in combination with chemical herbicide offering the 

possibility to reduce the costs of Orobanche management strategies by lowering 

the amount of herbicides.  
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Recommendations 

Based on the results of our study we could recommend the following:  

1. Determining the active ingredients of the leaf extract that affect Orobanche 

seed germination. 

2. Testing the efficacy of the leaf extract under field conditions. 

3. Production of suitable formulations from the leaf extract 
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 يالملخص بالعرب

 Ambrosia( لمدتخلص اوراق نبات )Allelopathy) ثير البيهكيميائيأالت

artemisiifoliaوتفاعلو مع العائل المصري  ( لمنع نمه بذور اليالهك 

احجى انهاع الشباتات الظفيمية التي تفتقخ الى مادة الكمهروفيل، وتعتسج عمى افخازات جحور الشبات  هىليالهك ا

وقج صشفت عمى انيا اخظخ انهاع الشباتات الظفيمية في العالم، وذلك بدبب ما ا. رة حياتيالسزيف لإكسال دو 

 .%011ض انهاع السحاصيل الىحيانا في بعتدببو من الخدائخ الاقترادية في السحاصيل والتي قج ترل ا

وبدبب قجرتيا عمى انتاج كسية كبيخة من ملايين البحور الجقيقة، التي تتسيد بالهزن الخفيف الحي يتيح ليا 

الانتقال بدخعو كبيخة مع الخياح والساء والشذاطات الدراعية، كسا ان ليحه البحور القجرة عمى البقاء في التخبة 

 .لمشسه ةالى ان تربح الظخوف ملائس لدشهات طهيمة في طهر الكسهن 

تتهفخ السعمهمات  ه ، ولافرميا عن جحور  السزيف، يرعبولان ىحه البحور تشسه ممترقة في جحور الشبات 

نظخا لعجم نجاح السكافحات الكيسائية و  الظفيمي،التعامل مع ىحا الشبات  كيفيةالكافية لجى السدارعين في 

قجرتيا عمى تظهيخ اليات مقاومة ودفاع ضج ويعهد ذلك ل ،ي التخمص مشياجية فوالفيديائية والظخق التقمي

احيانا  وقج تتدبب السزيف،السبيجات الكيسيائية. كسا ان لمسبيجات الكيسيائية اثار جانبية ضارة عمى الشبات 

 .الحياةفي تجميخ الشبات السزيف مع بقاء الشبات الظفيمي عمى قيج 
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 Ambrosia) ج من ايجاد بجيل من مهاد حيهية من اوراق نباتليحه الاسباب مجتسعو كان لا ب

artemisiifolia)  ودراسة تأثيخىا عمى نسه بحور نبات الشبات الظفيمي بالإضافة لجراسة تأثيخىا عمى الشبات

 .كحلكالسزيف 

غم من مدحهق  01% )01ن لمبحور، ودراسة التخكيد الاصمي من السدتخمص دكه بجاية تم كدخ فتخة ال

عمى نسه ىحه البحور. وبعج التأكج من قجرة السدتخمص عمى  (السقظخالساءمل من 011وراق السجففة في الا

 ،2 ،1.5 ،1 ،0.5 ، تم اجخاء تخفيفات من السدتخمص بتخاكيد مختمفة )في داخل السختبخ مشع نسه البحور

وقج تم  كامل.%( وتظبيقيا عمى البحور لتحجيج التخكيد الاقل ذو القجرة عمى مشع نسه البحور بذكل 5 ،2.5

وقج تم نقع البحور في السدتخمص ذو  (GR24)ذلك باستخجام مادة بجيمة لمسهاد التي يفخزىا الجحر في الشبات

 % 5و 5.5وكانت التخاكيد  .تظالتيااسايام ثم حداب نسه الانابيب الجحرية ومجى  5 السختمفة، لسجةالتخاكيد 

%  1.5البحور بذكل كامل بيشسا  الانابيب الجحريو في انبات والتي ادت الى تهقف ،السشاسبة التخاكيد ىي

بجون استظالة  %1 %(01و 5 و 5.5)حيث كانت ندب الإنبات عشج  ،الجحريةكانت اكثخىا نسها للأنابيب 

، وكانت ندب الإنبات  %1.5عشج  %49وكانت أعمى ندب الإنبات  ،بذكل كامل الجحرية بابينالأ

وتم التأكج من طبيعة السادة وامكانية  .%5 %عشج59و  %0.5عشج  %25،  %0عشج  %49الأخخى: 

وتحجيج السحيب الافزل الحي يحقق اعمى قيسو مشع لشسه  ميثانهل( إيثانهل، ماء،) اذابتيا في محيبات مختمفة

وتم فحص مدتخمص الشبات  السحيبات التي ادت الى ايقاف نسه البحور أفزلكان الساء ىه  وقج ،البحور

والخزخاء وكانت السجففو السحابو في الساء افزل حيث تم مشع الشسه للانابيب الجحريو بذكل  بحالتيو السجففو

ى طخق التي تدتخجم ىي احج الكيسائية السبيجات ولانوىحه كانت اشارة جيجة نظخا لتهفخ الساء.  .كامل 

ومجى فاعميتيا في السختبخ  الكيسائيةاحجى ىحه السبيجات  دراسةلسقاومة نسه نبات اليالهك كان لا بج من 
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عمى البحور ومن خلال مقارنة السدتخمص الحيهي مع السبيجات الكيسيائية السدتخجمة مدبقا في مكافحة 

عمى ان يكهن بجيل امن  الكيسيائية، وقجرتوة لمسبيجات اليالهك. تم التأكيج عمى قجرة السدتخمص عمى السشافد

 .العائلوصجيق لمبيئة ولمشبات 

 أثخلم يكن لو  داخل البيت البلاستيكيفي  TR20)نبات البشجورة من نهع )كسا ان تظبيق السدتخمص عمى 

مع الشباتات التي تم  بالسقارنةسمبي عمى نسه الشبات السزيف وقج كان الشبات السزيف يشسه بذكل طبيعي 

( نسه بحور %5، 5.5) بيشسا مشع السدتخمص بكل تخاكيده التي استخجمت في التجخبةسقايتيا في الساء.  

 اليالهك.

 

  

 

 

 

 

 

 



 
61 

 

References: 

Abbes, Z., Kharrat, M., Delavault, P., Simier, P., & Chaïbi, W. (2007). Field 

evaluation of the resistance of some faba bean (Vicia faba L.) genotypes to the 

parasitic weed Orobanche foetida Poiret. Crop Protection, 26(12), 1777-1784.  

Abebe, G., Sahile, G., & Al-Tawaha, A. R. M. (2005). Evaluation of potential trap 

crops on Orobanche soil seed bank and tomato yield in the central rift valley of 

Ethiopia. World Journal of Agricultural Sciences, 1(2), 148-151.  

Ahloowalia, B. S., & Maluszynski, M. (2001). Induced mutations–A new paradigm 

in plant breeding. Euphytica, 118(2), 167-173.  

Aksoy, E., Arslan, Z. F., Tetik, Ö., & Eymirli, S. (2016). Using the possibilities of 

some trap, catch and Brassicaceaen crops for controlling crenate broomrape a 

problem in lentil fields. International Journal of Plant Production, 10(1), 53-62.  

 

Aly, R., Y., Goldwasser, H., Eizenberg, J., Hershenhorn, S., Golan, and Y., 

Kleifeld, (2001). Broomrape (Orobanchecumana) control in sunflower (Helianthus 

annuus) with imazapic. Weed Technology, 15(2): 306-309.  

Auger, B., Pouvreau, J. B., Pouponneau, K., Yoneyama, K., Montiel, G., Le Bizec, 

B.& Simier, P. (2012). Germination stimulants of Phelipanche ramosa in the 

rhizosphere of Brassica napus are derived from the glucosinolate pathway. 

Molecular plant-microbe interactions, 25(7), 993-1004.  

Banik, D., & Jha, M. K. (2020). Chapter-8 Weed Management. Chief Editor Dr. 

Vishuddha Nand, 131.  

 

Barghouthi S. Salman M. (2010). Bacterial inhibition of Orobanche aegyptiaca and 

Orobanche cernua radical elongation. Biocontrol Science and Technology, 20 (4): 

423-435. 

Bedi, J. S., & Donchev, N. (1991). Results on mycoherbicide control on sunflower 

broomrape (Orobanche cumana Wall.) under glasshouse and field conditions. In 5. 

International Symposium of Parasitic Weeds, Nairobi (Kenya), 24-30 Jun 1991. 

Cimmyt.  



 
62 

 

Benvenuti, S., Dinelli, G., Bonetti, A., & Catizone, P. (2005). Germination ecology, 
emergence and host detection in Cuscuta campestris. Weed Research, 45(4), 270-
278.  

Besserer, A., Puech-Pagès, V., Kiefer, P., Gomez-Roldan, V., Jauneau, A., Roy, 

S,& Séjalon-Delmas, N. (2006). Strigolactones stimulate arbuscular mycorrhizal 

fungi by activating mitochondria. PLoS Biol, 4(7), e226.  

Bouwmeester, H. J., C., Roux, J. A., Lopez-Raez, and G. Becard. (2007). 

Rhizosphere communication of plants, parasitic plants and AM fungi. Trends in 

plant science, 12(5): 224-230.  

Cartry, D., Steinberg, C., & Gibot-Leclerc, S. (2021). Main drivers of broomrape         

regulation. A review. Agronomy for Sustainable Development, 41(2), 1-22 

Cochavi, A., Rapaport, T., Gendler, T., Karnieli, A., Eizenberg, H., Rachmilevitch, 

S., & Ephrath, J. E. (2017). Recognition of Orobanche cumana below-ground 

parasitism through physiological and hyper spectral measurements in sunflower 

(Helianthus annuus L.). Frontiers in plant science, 8, 909.  

Cohen, B., Amsellem, Z., Lev-Yadun, S., Gresse, L.J. 2002a. Infection of tubercles 

of the parasitic weed Orobanche aegyptiaca by mycoherbicidal Fusarium species. 

Ann. Bot. 90, 567-578 

Darvishzadeh, R., R., Alavi and A. Sarrafi, (2010). Resistance to Powdery Mildew 

(Erysiphecichoracearum DC.) in oriental and semi-oriental tobacco germplasm 

under field conditions. Journal of crop improvement, 24(2): 122-130. 

Dhanapal, G. N., P. C., Struik, M., Udayakumar and P. C. J. M., Timmermans. 

(1996). Management of broomrape (Orobanche spp.)–a review. Journal of 

Agronomy and Crop Science: 176(5): 335-359.   

Domina, G. (2018). Host-driven morphological variability in Orobanche crenata 

(Orobanchaceae).Turkish Journal of Botany: 42(4), 502-509.  

Dor, E., J., Hershenhorn, A., Andolfi, A., Cimmino, and A. Evidente, (2009). 

Fusariumverticillioides as a new pathogen of the parasitic weed Orobanche spp. 

Phytoparasitica, 37(4): 361-370.  

 



 
63 

 

Duca, M., Clapco, S., Nedealcov, M., & Dencicov, L. (2019). Influence of 

environmental conditions on the virulence and distribution of Orobanche cumana 

Wallr. in the Republic of Moldova. OCL, 26, 3.  

 

Eizenberg, H., D., Plakhine, T., Landa, G., Achdari, D. M., Joel and J. 

Hershenhorn. (2004). First report of a new race of sunflower broomrape 

(Orobanchecumana) in Israel. Plant disease, 88(11): 1284-1284.  

Eizenberg, H., Goldwasser, Y., Golan, S., Plakhine, D., & Hershenhorn, J. (2004). 

Egyptian Broomrape (Orobanche aegyptiaca) Control in Tomato with Sulfonylurea 

Herbicides—Greenhouse Studies1. Weed Technology, 18(3), 490-496.  

Eizenberg, H., Y., Goldwasser, S., Golan, J., Hershenhorn, Y., Kleifeld, A., Fer 

and J. A. Verkleij, C. (2001). Orobancheaegyptiaca control in tomato 

(Lycopersiconesculentum) with chlorsulfuron. In Proceedings of the 7th 

International Parasitic Weed Symposium, Nantes, France, University of Nantespp: 

293-294. 

Eizenberg, H., Z., Tanaami, R., Jacobsohn and B., Rubin. (2001). Effect of 

temperature on the relationship between Orobanche spp. and carrot (Daucuscarota 

L.). Crop Protection, 20(5): 415-420.  

Ennami, M., Briache, F. Z., Gaboun, F., Abdelwahd, R., Ghaouti, L., Belqadi, L., 

... & Mentag, R. (2017). Host differentiation and variability of Orobanche crenata 

populations from legume species in Morocco as revealed by cross‐infestation and 

molecular analysis. Pest management science, 73(8), 1753-1763.  

 

Federal Noxious Weed Disseminules of the United States. Gallery. 

https://idtools.org/id/fnw/gallery.php?show[]=fruit&remove[]=seed&page=3. 

Accessed 14 August 2019. 

Flematti, G. R., Scaffidi, A., Waters, M. T., and S. M.,Smith. (2016). 

Stereospecificity in strigolactone biosynthesis and perception. Planta, 

243(6):1361-1373.  

Fumanal, B., B., Chauvel, and F., Bretagnolle. (2007). Estimation of pollen and 

seed production of common ragweed in France. Annals of Agricultural and 

environmental Medicine, 14(2).  



 
64 

 

Gao, S., Jiang, J. Y., Liu, Y. Y., Fu, Y., Zhao, L. X., Li, C. Y., & Ye, F. (2019). 

Enhanced solubility, stability, and herbicidal activity of the herbicide diuron by 

complex formation with β-cyclodextrin. Polymers, 11(9), 1396.  

Gard, B., F., Bretagnolle, F., Dessaint, and B., Laitung. (2013). Invasive and native 

populations of common ragweed exhibit strong tolerance to foliar damage. Basic 

and Applied Ecology, 14(1): 28-35.  

Gaudeul, M., Giraud, T., Kiss, L., & Shykoff, J. A. (2011). Nuclear and chloroplast 

microsatellites show multiple introductions in the worldwide invasion history of 

common ragweed, Ambrosia artemisiifolia. PloS one, 6(3), e17658.  

Girling, D. J., D. J., Greathead, A. I., Mohyuddin and T., Sankaran. (1979). The 

potential for biological control in the suppression of parasitic weeds. Biocontrol 

News and Information, (sample issue): 7-16.   

Grenz, S. (2005). Intersections of sex and power in research on prostitution: A 

female researcher interviewing male heterosexual clients. Signs: Journal of 

Women in Culture and Society, 30(4), 2091-2113.  

Habimana, S., A., Nduwumuremyi and R., Chinama. (2014). Managementof 

Orobanche in field crops: A review. Journal of soil science and plant nutrition: 

14(1): 43-62.  

Haidar, M. A. and M. M., Sidahmed. (2006). Elemental sulphur and chicken 

manure for the control of branched broomrape (Orobancheramosa). Crop 

Protection: 25(1): 47-51.  

Hasannejad, S., S. J., Zad, H. M., Alizade and H. Rahymian, (2006). The effects of 

Fusariumoxysporum on broomrape (Orobanche egyptiaca) seed germination. 

Communications in agricultural and applied biological sciences: 71(3 Pt B): 1295-

1299.  

IasurKruh, L., T., Lahav, J., Abu-Nassar, G., Achdari, R., Salami, S., Freilich and 

R. Aly. (2017). Host-parasite-bacteria triangle: the microbiome of the parasitic 

weed Phelipancheaegyptiaca and tomato-Solanumlycopersicum (Mill.) as a host. 

Frontiers in plant science, 8, 269.  

Ibrahim, G., Mohammad, A. M., & Radwan, B. (2012). The effect of herbicides on 

the Egyptian broomrape (Orobanche aegyptiaca) in tomato fields. American 

Journal of Plant Sciences, 2012. 



 
65 

 

Jain, R., C. L., Foy. (1992). Nutrient effects on parasitism and germination of 

Egyptian broomrape (Orobanche egyptiaca). Weed Technology, 6(2): 269-275.  

Joel, D. M. (2000). The long-term approach to parasitic weeds control: 

manipulation of specific developmental mechanisms of the parasite. Crop 

Protection, 19(8-10): 753-758.  

Joel, D. M., J., Hershenhorn, H., Eizenberg, R., Aly, G., Ejeta, P. J., Rich, and D., 

Rubiales. (2007). Biology and management of weedy root parasites. Horticultural 

Reviews- Westport Then New Yourk- 33, 267.  

Keyes, W. J., R. C., O'malley, D., Kim and D. G., Lynn. (2000). Signaling 

organogenesis in parasitic angiosperms: xenognosin generation, perception, and 

response. Journal of Plant Growth Regulation, 19(2): 217-231. 

Kiss, L., and I., Beres. (2006). Anthropogenic factors behind the recent population 

expansion of common ragweed (Ambrosia artemisiifolia L.) in Eastern Europe: is 

there a correlation with political transitions?. Journal of Biogeography, 33(12): 

2156-2157.  

klein, O. and J. Kroschel, 2002. Biological control of Orobanche spp. with 

Phytomyza orobanche. Biocontrol, 47: 244–276. 

Labrousse, P., Delmail, D., Arnaud, M. C., & Thalouarn, P. (2010). Mineral 

nutrient concentration influences sunflower infection by broomrape (Orobanche 

cumana). Botany, 88(9), 839-849.  

Lichtfouse, E. (2009). Organic farming, pest control and remediation of soil 

pollutants. Springer.  

Mamedov, N., Mehdiyeva, N. P., & Craker, L. E. (2015). Medicinal plants used in 

traditional medicine of the Caucasus and North America. Journal of medicinally 

active plants, 4(3), 42-66.  

Matthews JM 2002. Herbicide and cropping trials relevant to the eradication of 

branched broomrape (Orobanche ramosa) in South Australia, pp 274-275. In: 

Proceedings of 13th Australian Weeds Conference, Perth. 

Matusova, R., T., van Mourik and H. J. Bouwmeester. (2004). Changes in the 

sensitivity of parasitic weed seeds to germination stimulants. Seed science 

research, 14(4): 335-344.  



 
66 

 

Mauro, R. P., Monaco, A. L., Lombardo, S., Restuccia, A., & Mauromicale, G. 

(2015). Eradication of Orobanche/Phelipanche spp. seedbank by soil solarization 

and organic supplementation. Scientia Horticulturae, 193, 62-68.  

Mauromicale, G., G., Restuccia and M. Marchese. (2000). Germination response 

and viability of Orobanche crenata Forsk. Seeds subjected to temperature 

treatment. Australian Journal of Agricultural Research, 51(5): 579-585.  

Mondal, B., Mondal, C. K., & Mondal, P. (2020). Deaseas of Cucurbits and Their 

Management. In Stresses of Cucurbits: Current Status and Management (pp. 115-

222). Springer, Singapore.  

Morozov, I. V., C. L., Foy, and J. H. Westwood. (2000). Small broomrape 

(Orobanche minor) and Egyptian broomrape (Orobanche aegyptiaca) 

parasitization of red clover (Trifoliumpratense). Weed technology, 14(2): 312-320.  

Müller-Stöver, D., & Kroschel, J. (2005). The potential of Ulocladium botrytis for 

biological control of Orobanche spp. Biological Control, 33(3), 301-306.  

Nakahara, T., Y., Fukano, S. K., Hirota and T., Yahara. (2018). Size advantage for 

male function and size‐dependent sex allocation in Ambrosia artemisiifolia, a 

wind‐pollinated plant. Ecology and evolution: 8(2): 1159-1170.  

Nazer Kakhaki, S. H., Montazeri, M., & Naseri, B. (2017). Biocontrol of 

broomrape using Fusarium oxysporum f. sp. orthoceras in tomato crops under field 

conditions. Biocontrol Science and Technology, 27(12), 1435-1444. ge 

Nosratti, I., Mobli, A., Mohammadi, G., Yousefi, A. R., Sabeti, P., & Chauhan, B. 

S. (2020). The problem of Orobanche spp. and Phelipanche spp. and their 

management in Iran. Weed Science, 68(6), 555-564.  

Parks, D. H., and R. G., Beiko. (2012). Measuring community similarity with 

phylogenetic networks. Molecular biology and evolution, 29(12):3947-3958.  

Pathak, A., and C. Kannan. (2014). A new cost-effective method for quantification 

of seed bank of Orobanche in soil. Indian Journal of Weed Science: 46(2): 151-

154.  

pérez-De-Luque A, Eizenberg H, Grenz JH, Sillero JC, Avila C, Sauerborn J and 

Rubiales D. 2010. Broomrape management in faba bean. Field Crops Research 

115: 319-328. 



 
67 

 

Pinke, G., P., Karácsony, B., Czúcz, and Z., Botta-Dukat. (2011). Environmental 

and land-use variables determining the abundance of Ambrosia artemisiifolia in 

arable fields in Hungary. Preslia, 83(2): 219-235.  

Plaza, L., I., Fernandez, R., Juan, J., Pastor and A., Pujadas. (2004). 

Micromorphological studies on seeds of Orobanche species from the Iberian 

Peninsula and the Balearic Islands, and their systematic significance. Annals of 

botany: 94(1): 167-178.  

Ploetz, R. C., J., Hulcr, M. J., Wingfield and Z. W., De Beer, (2013). Destructive 

tree diseases associated with ambrosia and bark beetles: black swan events in tree 

pathology. Plant Disease: 97(7): 856-872.  

Punia, S. S., (2014). Biology and control measures of Orobanche. Indian Journal 

of Weed Science: 46(1), 36-51. 

Punia, S. S., A., Yadav, S., Singh, P., Sheoran, D. B., Yadav and B. Yadav. (2012, 

March). Broomrape: A threat to mustard cultivation in Haryana and its control 

measures. In Proc. 1st Brassica Conf. ―Production Barriers & Technological 

options in Oilseeds Brassica organized at CCS HAU, Hisar. 105.  

Qasem, J. R. (2021). Broomrapes (Orobanche spp.) the Challenge and 

Management: A review. Jordan Journal of Agricultural Sciences, 17(3).  

 

Ray, T. B. (1982). The mode of action of chlorsulfuron: a new herbicide for 

cereals. Pesticide Biochemistry and Physiology, 17(1), 10-17.  

Rodenburg, J., and L., Bastiaans. (2016). The PARASITE-project–Integrated 

research on parasitic weeds in rice. Haustorium, 70: 12-14.  

 

Román, B., R., Hernández, A. J., Pujadas-Salvá, J. I., Cubero, D., Rubiales and Z., 

Satovic. (2007). Genetic diversity in two variants of Orobanche gracilis Sm.[var. 

gracilis and var. deludens (Beck) A. Pujadas](Orobanchaceae) from different 

regions of Spain. Electronic Journal of Biotechnology, 10(2): 221-229.  

Rubiales, D., M., Fernandez-Aparicio. (2012). Innovations in parasitic weeds 

management in legume crops. A review. Agronomy for Sustainable Development: 

32(2): 433-449.  



 
68 

 

Saeidi, M. S., A., Torabi, and F. Aghabeygi. (2010). Notes on the genus Orobanche 

(Orobanchaceae) in Iran.  

Scher, J. L., and D.S., Walters. (2010). Federal noxious weed disseminules of the 

US California Department of Food and Agriculture.and Center for Plant Health 

Science and Technology, USDA, APHIS, PPQ.  

Shabana, Y.M., Müller-Stöver, D., Sauerborn, J. 2003. Granular Pesta formulation 

of Fusarium oxysporum f. sp. orthoceras for biological control of sunflower 

broomrape: efficacy and shelf-life. Biol. Control. 26, 189-201. 

Shi, Y., Shen, A., Tan, M., He, P., & Shao, L. (2020). The effect of plant extracts 

on growth and photosynthetic fluorescence characteristics of Microcystis flos-

aquae. Water Science and Technology, 82(6), 1102-1110. 

Silaev, A. A. (2021). Orobanchcae plants of Israel and  Palestine.  Chemical and 

medicinal treasures.  European  chemical bulltin , 10(1), 1-12 

Song, W. J., W. J., Zhou, Z. L., Jin, D. D., Cao, D. M., Joel, Y., Takeuchi and K., 

Yoneyama. (2005). Germination response of Orobanche seeds subjected to 

conditioning temperature, water potential and growth regulator treatments. Weed 

Research: 45(6): 467-476.  

Sturgeon, C. M., Craig, K., Brown, C., Rundle, N. T., Andersen, R. J., & Roberge, 

M. (2005). Modulation of the G2 cell cycle checkpoint by sesquiterpene lactones 

psilostachyins A and C isolated from the common ragweed Ambrosia 

artemisiifolia. Planta medica, 71(10), 938-943.  

 

Taylor, A. C. (2005). Phytoremediation of lead, cobalt and zinc contaminated soils 

by giant ragweed (Ambrosia artemisiifolia): an honors thesis (HONRS 499).  

Wayne, P., S., Foster, J., Connolly, F.,Bazzaz and P., Epstein. (2002). Production 

of allergenic pollen by ragweed (Ambrosia artemisiifolia L.) is increased in CO2-

enriched atmospheres. Annals of Allergy, Asthma & Immunology: 88(3): 279-282.  

Wopfner, N., G., Gadermaier, M., Egger, R., Asero, C., Ebner, B., Jahn-Schmid, 

and F., Ferreira, (2005). The spectrum of allergens in ragweed and mugwort 

pollen. International Archives of Allergy and Immunology 138(4): 337-346. 



 
69 

 

Yadav, Y. S.; Siddiqui, A. U.; Aruna Parihar, (2005). Management of root-knot 

nematode Meloidogyne incognita infesting gram through oil cakes. J. Phytolog. 

Res., 18 (2): 263-264 

Yoder, J. I. (2001). Host-plant recognition by parasitic Scrophulariaceae. Current 

opinion in plant Biology, 4(4): 359-365.  

Zehhar, N., Ingouff, M., Bouya, D., &Fer, A. (2002). Possible involvement of 

gibberellins and ethylene in Orobanche ramosa germination. Weed Research, 

42(6): 464-469. 

 


