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Workshop Program 
 
 
Saturday 3 December  
20:00 Reception at Hotel Nof-Tavor, Kibbutz Mizra 
 
Sunday 4 December 
8:30 -20:30 Technical visit to agricultural regions in Northern Israel.   
 
Monday 5 December  -Open sessions at the Lecture Hall, Newe Ya'ar Research Center 
8:00  Transport from the hotel to Newe-Ya'ar Research Center  
8:30–8:45  Welcome Address / E. Putievsky, ARO Director; E. Landshut, Head PPIS 

8:45–9:00 The need to prevent further Orobanche spread in Europe / D. Rubiales, D. Joel  

9:00 –10:30 Orobanche infestation  and economic impact.  Chair: Jos Vekleij 
09:00–09:15 The continuous Orobanche dispersal in Spain / D. Rubiales, SP 
09:15–09:30  The occurrence of Orobanche in French agricultural areas / M. Delos, FR  
09:30–09:45 Development of the broomrape problem in Italy / M. Vurro, IT 
09:45–10:00  Occurrence of O. ramosa in Germany and prospects for its control / D. Müller-Stöve,DE 
10:00–10:15 The extent of recent Orobanche infestation in Greece/ F. Economou, GR  
10:15–10:30 The impact of new Orobanche races in Romania / M. Pacureanu-Joita, RO  

10:30 –11:00 Coffee break 

11.00 –13:00  Infestation and economic impact (cont.). Chair: Hanan Eizenberg  
11:00–11:15 Broomrape expansion in Bulgaria / R. Batchvarova, BG 
11:15–11:30 Severity of the Orobanche problem in Cyprus / N. Vozounis, CY 
11:30–11:45 The Orobanche problem in Turkey and its impact / A. Uludag. TR 
11:45–12:00 Orobanche in Israel / Y. Goldwasser, IS 
12:00–12:10 Discussion 

12:30 –14:00 Lunch 

14.00 –16:00 Seed viability, germination and eradication.  Chair: Joachim Sauerborn  
14:00–14:20 Metabolic aspects of Orobanche seeds before and during germination / AM Mayer, IS 
14:20–14:40 Soil fumigation for broomrape seed bank eradication / Y. Kleifeld, IS 
14:40–15:00 Stimulation of false germination in soil. / K. Wegmann, DE 
15:00–15:20 Temperature dependence of Orobanche germination / A. Murdoch 
15:20–15:40 GDD Model for Orobanche germination and development / H. Eizenberg, IS 
15:40–16:00 Discussion  

16:00 –16:30 Coffee break  

16.30 –18:30 Means to prevent seed production and dispersal.  Chair: Alistair Murdoch 
16:30–16:50 The mode of action of herbicides in host-parasite interaction / B. Rubin, IS  
16:50–17:10 Natural compounds for management of germination/ M. Vurro & A. Evidente, IT 
17:10–17:30  New approaches for parasitic weed control / R. Aly, IS 
17:30–17:50 Transgenic biocontrol agents to effectively control Orobanche / S. Meir, IS 
17:50–18:10 Orobanche control in tomato / J. Hershenhorn, IS 
18:10–18:30 Discussion  
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Tuesday 6 December -  Morning open sessions at the Lcture Hall 

8:30  Transport from the hotel to Newe-Ya'ar Research Center  

8:30 –9:30  Evolutionary developments of Orobanche under cultivation.  Chair: Diego Rubiales 
08:30 –09:00  Resistance and the development of virulent Orobanche races /M. Pacureanu-Joita, RO 

     09:00 –09:20  Distribution of weed broomrapes in Europe and the Mediterranean / G. Domina, IT 
09:20 –09:40  Potential distribution of Orobanche under current and future climate / J. sauerborn, DE 
09:40 –10:00  The Striga problem in Africa, a potential threat for Europe? / J. Verkleij, NL 
10:00 –10:15  Discussion 

10:15 –10:45 Coffee break 

 

10:45 –11:30 The Australian eradication Program.  Chair: Baruch Rubin 
10:45 –11:10  The Branched Broomrape eradication project in Australia / P. Warren, Australia 
11:10 –11:30  Discussion 

 
11:30 –12:00 The Israeli eradication Program.  Chair: Hilel Manor   

11:30 –11:50  An Israeli emergency plan for Orobanche management / D. Joel, IS 
11:50 –12:00  Discussion: Could the Israeli plan also be applied in Europe? 

12:00 –14:00 Lunch 

14.00 –16:00 Afternoon session at the small meeting Room, Hotel Nof-Tavor  

14.00 –15:00 Orobanche containment and quarantine in Europe. Chair: Danny Joel 
14.00 –14:30 EU regulations to limit weed infestation / D. Opatowski, IS 
14.30 –15:00 Discussion on a draft policy document for circulation to policy makers, highlighting the 
risks from Orobanche and the need to implement quarantine and seed production measures to prevent 
further Orobanche spread in Europe, in particular with the potential climate change. 

15:00 –16:00 Needed research 
 Discussion on research needed in support of the quarantine policy. 

16:00 Coffee and adjourn. 
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Introduction 

The need to prevent further Orobanche spread 

 
Daniel M. Joel 

Dept. of Phytopathology and Weed Research, Newe Ya’ar Research Center, ARO, Israel 
 

Orobanche spp. (the broomrapes) are serious scourges of agriculture. They are difficult to diagnose due to 

their underground development and to the small size of their seeds; they are difficult to control due to their 

direct connection to the crop plants and due to the lack of a sufficient number of selective herbicides. In 

addition, the sources for broomrape resistance are scarce or even absent in the majority of susceptible 

crops.   

They cause immediate damage to crops by reducing the yields or reducing yield quality. The long-term 

impact of the broomrapes is even more serious: their seeds may easily spread to other fields, and can 

persist in soil for decades, leading to an accelerated increase in the infested areas in which susceptible 

crops are under danger. Orobanche seed dispersal is facilitated by man and by agricultural tools. They can 

also be dispersed with crop seeds and propagules and in forage. Animals can also serve as efficient vectors, 

because the seeds remain viable after passing through alimentary systems, and are easily spread in manure.  

Luckily most fields in many European countries are still not infested. It is now the time to do whatever 

possible in order to prevent future large scale agricultural losses by the various broomrape species. For this 

sake, both the spread of seeds from contaminated areas and seed entrance to clean areas should be 

prevented. In addition, seed transfer to areas that are already infested should also be reduced to minimum, 

because of the existence of different broomrape races, and the risk of the development of more virulent 

hybrids by mutations and recombination.  

Our workshop has, for the first time, presented detailed data regarding Orobanche infestation and 

economic impact in the different countries. We have then dealt with the other relevant aspects of the 

broomrape problem, including the following chapters: 

• Seed viability, germination and eradication.  

• Means to prevent seed production and dispersal. 

• Evolutionary developments of Orobanche under cultivation.  

• The Australian eradication Program.  

• The Israeli eradication Program.  

• Orobanche containment and quarantine in Europe.   

The following abstracts summarize the main points that were discussed in the workshop. 
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The continuous Orobanche dispersal in Spain 
 

D. Rubiales 
Institute for Sustainable Agriculture, CSIC, Córdoba, Spain 

 

Orobanche infestations can be devastating to crops and remove otherwise productive land from effective 
use for very long periods of time. Many Orobanche species grows in Spain (Pujadas, 1999). Out of them O. 
crenata and O. cumana are of particular economic interest. Infestations of O. ramosa on tobacco and 
tomato fields are also recorded, and of O. minor on forage legumes, but are considered of lower 
importance. O. foetida is widely distributed but has never been reported on crops. O. aegyptiaca has not 
been reported.  Special attention should be paid to retard introduction of Tunisians weedy O. foetida 
populations and of O. aegyptiaca from Eastern Mediterranean countries. 

O. cumana is a relatively new problem in Spain that rapidly spread. It was first reported in 1958 in 
confectionary sunflower in Central Spain. Till the 1970’s it was only present in small areas of 
confectionary production fields, but since then it quickly spread  in central and southern areas infecting 
oilseed varieties. First racial studies identified races overcoming Or1, Or3 and Or4 (Melero-Vara et al., 
1995), but virulence to Or2 and Or5 appeared soon after (Domínguez et al. 1996). Resistance to race E 
(gene Or5) was identified in 1989 and incorporated into hybrids (Domínguez et al., 1996). Race F, 
overcoming all the known resistance genes (Or1,2,3,4,5) appeared in 1995 in Spain and is spreading rapidly. 
Resistance have been found both in cultivated and wild sunflower (Fernández-Martínez et al., 2000), but a 
new race (G), which overcomes race F resistant lines has already been identified (Molinero-Ruiz and 
Melero-Vara, 2005).  

In opposition to O. cumana, O. crenata is an ancient problem that has maintained relatively stable, with no 
appearance of races. Its host range include most legumes and some Apiaceous crops like carrot and celery, 
but in Spain it is particularly damaging on faba bean in all southern and eastern areas (Extremadura, 
Andalucía and all Mediterranean provinces). O. crenata problem on pea was earlier considered of limited 
importance due to the fact that pea is a minor crop in the area of O. crenata distribution. However, since 
the 1990s, there has been in the area an increasing interest in pea cultivation due to its high potential and 
the increasing demand of rich protein protein plants for animal feed. As it could have been predicted, the 
broomrape problem on pea quickly reappeared with the increase in pea acreage (Rubiales et al., 2003). 
Chickpea is little affected by O. crenata in the traditional spring sowing, but there is concern that the 
continued spread of the practice of winter sowings might lead to an outbreak of broomrape infection in 
chickpea. 
 
References 
Domínguez J., Melero-Vara J.M., Ruso J., Miller J. and Fernández-Martínez 1996. Screening for resistance to 

broomrape (Orobanche cernua) in cultivated sunflower. Plant Breeding 115: 201-202. 
Fernández-Martínez J.M., Velasco L., Pérez-Vich B. (2005). Resistance to new virulent O. cumana races. In: A. 

Murdoch (Ed.) Abstracts of the COST849 meeting on broomrape biology, control and management, (pp. 
27-28), The University of Reading, Department of Agriculture, UK, 15-17 September 2005.  

Melero-Vara J.M., Domínguez J., and Fernández-Martínez J.M. (2000). Update on sunflower broomrape situation in 
Spain: racial status and sunflower breeding for resistance. Helia 23: 45-56.  

Molinero-Ruiz, M.L., and J.M. Melero-Vara. 2005. Virulence and aggressiveness of sunflower broomrape Orobanche 
cumana) populations overcoming the Or5 gene. p. 165-169. In Seiler, G.J. (ed.), Proc 16th Int. Sunflower 
Conf., Fargo, ND, August 29-September 2, 2004. Int. Sunflower Assoc., Paris. 

Rubiales D., A. Pérez-de-Luque, J.I. Cubero & J.C. Sillero, 2003. Crenate broomrape (Orobanche crenata) infection 
in field pea cultivars. Crop Protection, 22: 865-872 
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The Occurrence of Orobanche in French Agricultural Areas 
 

Marc Delos 
Ministère de l’Agriculture et de la Pêche - DRAF - Service Régional de la Protection des Végétaux "Midi-

Pyrénées"-  Cité Administrative -Bât.E - Bd Armand Duportal - 31074 TOULOUSE Cedex – France -  
marc.delos@agriculture .gouv.fr 

 
Orobanche ramosa is the main parasitic plant of the french crops with the dodders (Cuscuta sp). It is a real 
problem on several crops as oil seed rape ( Brassica napus) , Hemp (Cannabis sativa), tomato (Solanum 
esculentum), potato (Solanum tuberosum), and tobacco ( Nicotiana tabacum). It may be hosted by several 
crops and weeds, by instance solanaceae, cucurbitaceae and cruciferae families. Area concerned by O 
ramosa is slowly increasing. In area where it is mainly founded, Poitou Charentes area in middle west of 
France, it may cause a real damages mainly on rape and tobacco. On the 92 french departments 
investigated, only 20 showed settlements of Orobanche mainly on rendzine areas with  limestone soils. 
Management of Orobanche need crops rotation, herbicides as hydrazide maleïque on tobacco or glyphosate 
when the crop is severely attacked. Actually, HT genetically modified plant are not authorised to be grown 
in UE. In fact, glyphosate resistant plants, associated to other tools in an integrated program of control, 
would be a case of clear benefice for such technologies. Orobanche cumana, main pest of sunflower in 
Spain, have never been detected in France. 
 
 
 
 
 

Occurrence of O. ramosa in Germany and Prospects for its Control 
 

Dorette Müller-Stöver, Holger Buschmann, Guido Gonsior and Joachim Sauerborn 
University of Hohenheim, Institute for Plant Production and Agroecology in the Tropics and Subtropics 

(380), Garbenstr. 13, 70599 Stuttgart, Germany 
 
Recently there is evidence for increasing occurrence of branched broomrape (Orobanche ramosa L.) in 
tobacco (Nicotiana tabacum L.) cultivars in southwestern Germany. To reduce yield losses and to stop 
further distribution of the parasite and expansion of its host-range, the development of efficient control 
strategies is essential. However,  the control methods tested so far (especially herbicides) did not provide 
reliable control of O. ramosa in tobacco. Recent studies showed the potential of various resistance inducers 
to be used for broomrape control. Management of O. ramosa in tobacco could be based on systemic 
acquired resistance (SAR) as well as on induced systemic resistance (ISR). Furthermore, a fungal pathogen 
(Fusarium oxysporum) was isolated from diseased Orobanche tubercles on tobacco roots and proved to be 
pathogenic on different developmental stages of the weed. Results are presented on the possible integration 
of both control measures. 
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Development of the Broomrape Problem in Italy 
 

Maurizio Vurro1 and  Gianniantonio Domina2 
1Institute of Sciences of Food Production, National Council of Research,  

via Amendola 122/O - 70125 Bari – Italy  
maurizio.vurro@ispa.cnr.it 

2Department of Botany, University of Palermo, via Archirafi, 38 - 90123 Palermo – Italy 
 
According to literature, in Italy only two broomrapes occur as weeds, i.e.: Orobanche crenata Forssk.and 
O. ramosa L. The first infects nearby all cultivated legumes, while O. ramosa has a broader spectrum of 
hosts, being able to parasitize species belonging to different families, among which tomato and tobacco 
within Solananceae, and cabbage within Brassicaceae are the most severely damaged species. 
Both Orobanche species are reported in the Italian literature since long time. The first clear reference for 
O. ramosa in Italy dates back to Petrollini & Cibo (1550) and for O. crenata to Cupani (1696). 
Furthermore Giovene (1839) reports some observations carried out in Italy around mid of 1700 and 
describes the severe damages caused by broomrapes in the “Kingdom of the Two Sicilies” [Campania and 
Sicilia], suggesting hand-pulling of shoots as the best method of control. An empirical demonstration of the 
effectiveness of this remedy is that O. crenata is quite rare in the areas of South Italy where it is picked up 
before flowering as an asparagus. 
O. crenata in Italy occurs in the main islands, in the islets and in the peninsula. Its northern limit is the 
Garda lake. Until the beginning of XX century it was considered absent in Sardinia (Caruel, 1884). 
Nowadays it occurs in several cultivated areas in the whole island. 
  Likely the distribution based on herbarium specimens and literature data does not give an idea on how 
severe are the infections and the damages, that have not been carefully assessed owing to the lack of field 
surveys, even in the Southern and Central part of Italy where the legume crops are mostly concentrated. 
Furthermore, the potential threat is probably underestimated because, where farmers experienced their field 
are infested by O. crenata, often some legumes are avoided in order to prevent any risks in cultivating 
susceptible species. 
O. ramosa occurs in the whole territory (Pignatti, 1982) and its distribution continues in Central Europe. In 
the last years there was an important change in O. ramosa behaviour. In fact, until the second world war it 
affected mainly Cannabis sativa, that was cultivated for fibres. Nowadays this cultivation is quite rare but 
the records of O. ramosa are likewise frequent mainly on tomato.  
  Within investigations carried out in South Italy by field surveys and questionnaires compiled by farmers 
and technicians, the presence of O. ramosa was recorded in several areas mainly in tomato and tobacco 
fields and, in some areas, in eggplant, pepper and salad fields. O. ramosa has been found affecting tomato 
also in fields where tomato was cultivated for the first time or where it was introduced only recently, 
replacing cereals. One possible explanation is that new races of broomrapes could have been introduced by 
seeds from other areas, at the transplanting, with the soil mixture used for growing tomato plantlets in 
nurseries.  
 
References 
Caruel T., 1884. Orobancaceae, 345-389. In: Parlatore F., Flora d’Italia, Firenze.  
Cupani F., 1696. Horthus catholicus. Napoli. 
Giovene G.M., 1839. Orobanche, 157-164. Bari. 
Petrollini F. & Cibo G., 1550. Erbario secondo, 1-4. Roma. 
Pignatti S., 1982. Flora d’Italia, 1-3. Bologna. 
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Variation in Orobanche populations in Greece 
 

Lyra1, S., Katsiotis1, A., Economou2, G. and Kaltsikes1, P. 
1. Laboratory of Plant Breeding and Biometry, Laboratory of Agronomy 
Agricultural University of Athens, Iera Odos 75, 11855 Athens Hellas 

E-mail: sissylyra@yahoo.gr 
 

Orobanche aegyptiaca and O. ramosa cause significant reductions in yield and quality of highly economic 
importance crops such as tobacco and processed tomato in Greece. In addition, the host range of O. crenata 
mostly comprises Leguminosae species such as faba bean, vetch and peas. Carrot parasitism by O. crenata 
has been recently recorded for the first time in our country. Broomrape plants were collected from 
naturally infected cultivated crops in several regions around Greece. In particular, twenty-eight populations 
were sampled from parasitized tobacco fields by O. ramosa and O. aegyptiaca, three from tomato fields by 
O. ramosa, seven from faba bean, one from peas and one from carrot all parasitized by O. crenata. All 
these populations constitute collections from three consecutive years (2003, 2004, and 2005). Floral buds 
from 200 specimens were used for DNA extraction using standard CTAB protocol. A total of 60 RAPD 
primers were screened to test their efficiency and twelve of them were selected based on their 
polymorphism. According to the results, O. ramosa, O. aegyptiaca and O. crenata are well-separated in the 
RAPD derived phenograms. The low genetic variability that was observed within each population for the 
first two species could be related to self-pollination. Further analysis is needed in order to achieve better 
validation of the obtained results by using other molecular techniques such as Inter Simple Sequence 
Repeat Markers (ISSR etc).  
 
References 
Paran, I., Gidoni, D. and Jacobsohn, R. (1997). Variation between and within broomrape (Orobanche) species as 

revealed by RAPD analysis. Heredity 78: 68-74 
Román, B., Alfaro, C., Torres, A. M. , Moreno, M. T., Satovic, Z., Pujadas, A. and Rubiales D. (2003). Genetic 

Relationships among Orobanche Species as revealed by RAPD Analysis. Ann. Bot. 91: 637 – 642 
Roman, B., Satovic, Z., Rubiales, D., Torres, A. M., Cubero, J. I., Katzir, N. and Joel, D. M.  (2002). Variation among 

and within populations of the parasitic weed Orobanche crenata from Spain and Israel revealed by Inter 
Simple Sequence Repeat Markers. Phytopathology 92(12):1262-1266 

 
 
 
 

The Extent of Rrecent Orobanche Infestation in Greece 
 

Economou1, G., Lyra2, S. and Arapi3 Xristina 
2. Laboratory of Agronomy 

3. Laboratory of Plant Breeding and Biometr, Laboratory of Rural Economic Development 
Agricultural University of Athens, Iera Odos 75, 11855 Athens Hellas;  economou@aua.gr 

 
     Several arable crops (tobacco, tomato, sunflower, faba bean, etc.) are inoculated by Orobanche spp. in 
different regions around Greece. The Orobanche distribution and biology has been the subject for previous 
studies (Economou, F. et al., 2005, Lyra, S. et al., 2005). The purpose of this study is to indicate the range 
of agricultural problems caused by Orobanche species. The losses due to broomrape infestation are poorly 
documented and it is often quite difficult to obtain precise data on a supra-regional level. Such quantitative 
information requires an intensive survey, a procedure which is quite laborious and costly on a broad 
geographical basis. Actually, in most cases the problem demands the contribution of the local weed 
scientists, whose empirical knowledge is more than valuable.    
 
     The “state of the art” on the Orobanche dispersal in Greece is given briefly in Figure 1.  In particular, 
O. cumana infests sunflower in Orestiada in a medium scale, although in some cases the inoculation is 
severe. O. crenata was located in Psachna and Marathonas where the infestation of faba bean was not so 
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high to cause dramatic economic losses in the production. O. ramosa or/and O. aegyptiaca parasitize both 
tobacco and tomato in Northern (Katerini, Kozani), Central (Domokos) and Southern Greece (Agrinio, 
Tithorea, Nafplio), but with a variation in the magnitude of the infestation. The tobacco fields in Domokos 
and Tithorea were attacked viciously by these two species deteriorating the quality of the collected leaves.  
     The practice followed by the farmers involves the consideration of three scenarios. According of the 
first one, the producers continue cultivating the same susceptible crops in fields that are already infested by 
broomrape but in this case they have to deal with yield losses. The second scenario concerns the 
abandonment of the susceptible crops, best suited to the farmers’ lands inoculated by the holoparasite. 
Actually, a significant part of the producers find a more realistic approach to alleviate farm losses by 
cultivating the same traditional crop in a non-infested field located far away from the previous one. The 
third one involves change cropping by cultivating non-susceptible crops in lands where Orobanche’s 
presence is obvious. All these changes conclude to decrease the net profit of the farmers in short and in 
long term, with socioeconomic impact on local level where the economical balance is more fragile. 
Moreover, the abandonment of minor crops as forage legumes, due to the presence of the holoparasite, 
results in importing such products for husbandry needs in regional level. 
    Clearly the problem deserves further attention on the topic of host specialization, which would provide a 
sounder basis for the policy makers to implement further guidelines for phytosanitary measures in order to 
limit Orobanche dispersal. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
   
 
 
 
              
 

Figure 1: Infestation magnitude in nine regions in Greece 
 
 
 
References 
Economou, F., Lyra, S., Kotoulas, V. and Kotoula-Syka E. Induction of seed germination in Orobanche aegyptiaca to 

various seed stimulants. Proceedings of the 13th Symposium. Bari- Italy. 19-23 June 2005. 
Lyra, S., Economou, F., and Kotoula-Syka E. Mapping Orobanche spp. infestation degree in arable crops by using 

Geographical Information Systems (G.I.S.) Proceedings of the 13th Symposium. Bari- Italy. 19-23 June 2005. 
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Orobanche sp. in Romania: The impact of the new races of the parasite in sunflower crop 

 
Maria Pacureanu-Joita 

Agricultural Research and Development Institute, Fundulea 
E-mail: pacurean@ricic.ro, mariapacureanu2@yahoo.com 

 
Broomrape (Orobanche sp.) is one of the most parasitic plants for different crops in Romania, mainly, for 
sunflower and tobacco.The communities of weed broomrapes were investigated in tomato and potato 
fields, too. This parasite has been occuring on sunflower fields from the beginning of the 40s, tobacco crop 
starting to be attacked 45-50 years ago. 
The most infested fields are situated in southeastern Romania, the extent of losses in the host plant, being 
dependent on the parasite infestation level. 
In the sunflower fields the populations of weed broomrapes consists of plants of Orobanche cumana Wallr. 
In the tobacco fields it was identified  O. ramosa. Tomato and potato crops are attacked by O. ramosa, 
sometime, being identified O. cumana, too. 
Orobanche cumana on sunflower has been largely brought under control in the past thanks to the 
development of highly resistant varieties and hybrids.Now, it appears that it is very difficult to have the 
situation under control, due to the appearence of new races of the parasite in a short time. Resistant 
cultivars continue to offer the hope to solve Orobanche problem of this crop, in Romania.  
Six races of O. cumana : A,B,C,D,E and F were described on sunflower in Romania. Using the set of 
sunflower differentials it was investigated the expansion of new virulent broomrapes. An intensive 
program to obtain sunflower resistant hybrids it was developed. 
Favorit, Turbo, Florina, Alcazar, Justin, Neptun and Jupiter are very good Romanian resistant hybrids to 
broomrape. 
There are a great diversity of sunflower varieties, lines and wild species which are investigated, to identify 
new sources for resistance to broomrape. 
 
 

 

Broomrape Expansion in Bulgaria 

 
R. Batchvarova and S. Slavov 

AgroBioInstitute, Bulgraria; rossyb@abi.bg     
 

The Republic of Bulgaria has different types of agro ecological zones. As a result a range of crop species 
can be grown and the agriculture is a vital part of country’s economy. The economic impact of parasitic 
weeds is tremendous and parasitism by the root parasites often results in significant yield damage. 

According to Georgiev (1936) 25 species of Orobanche are represented in Bulgaria. In our country the 
most important crops which are attacked by Orobanche spp. parasites are tobacco, sunflower and tomato. 

Sunflower is affected severely by O. cumana in Bulgaria. The sunflower occupies about 400 000 ha. It is a 
major crop for oil production and seeds export. O. cumana on sunflower was first reported in 1935 
(Dobrev, 1945) in the north-eastern parts of Bulgaria. Three races of O. cumana A, B and C were described 
(Knyazkov, 1950; Petrov, 1970; Batchvarova, 1978) on sunflower. After 1990 a massive attack by O. 
cumana on resistant varieties was observed. The reason is due to appearance of new physiological races of 
the parasite- D and E (Shindrova, 1994). 

Orobanche cumana infestation causes up to 45 % loses of yield on sunflower and about all of sunflower 
fields are moderately and severely attacked and the situation is apparently worsening with an estimated 60 
% yield loss. Resistant varieties are used and over 60 % this area is thought to be moderately infested in 
spite of the use of resistant varieties. 
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The problem of O. cumana on sunflower is one which has been very largely brought under control in the 
past thanks to the development of highly resistant varieties. Resistance continues to offer the greatest hope 
to solve Orobanche problem of sunflower. 

Tobacco is seriously affected by O. ramosa in Bulgaria. The production of tobacco is about 15 % of the 
Bulgarian budget. This crop occupied about 36 525 ha and the production is 24 300 tons for 2004. Many 
private farms with 26 873 growers of tobacco are involved in growing this crop in Bulgaria. 

O. ramosa was described in tobacco fields in the South Bulgaria in 1937 (Bailov, 1937). According to 
Georgieva & Edreva (1994) there are two Orobanche species - O. ramosa and O. mutelii found in tobacco 
fields. 

About 35 000 ha of the tobacco are infested with broomrape, which is almost 100 % of total tobacco fields 
in the country. The infestation by Orobanche ramosa causes 35 to 100 % decrease of leaf yield of tobacco 
and losses of 55-70 % are common. Control of O. ramosa in these regions is exclusively by hand - pulling. 

The problem with O. ramosa in tobacco continues to affect hundreds of hectares and the infestation is 
getting worse. There are no sources for resistance in all Nicotiana species. 

 
 
 
 

Weedy Orobanche in Israel 
 

Yaakov Goldwasser 
Faculty of Agriculture, Food & Environmental Sciences, The Hebrew University of Jerusalem,  

Rehovot 76100; , gold@agri.huji.ac.il 
 

Parasitic plants belonging to the genus Orobanche cause devastating losses to Israeli farming. The 
agriculturally important Orobanche species in Israel belong to two of the four sections composing the 
Orobanche genus: the Trionychon plant species are typified by their branched over ground stems and in 
Israel are comprised of O. aegyptiaca and O. ramosa; the Osproleon plant species are characterized by 
none-branched over ground stems and in Israel include O. crenata, O. cumana and O. cernua. As most of 
these species are endemic to the Mediterranean region, their host range is extremely wide and their 
virulence is very high. The most widespread species in Israel is O. aegyptiaca which severely attacks a 
wide range of crops belonging to the botanical families Solonaceae, Fabaceae, Compositeae, Brassicaceae, 
Umbellifereae and Linaceae. O. ramosa has a similar host range, however it is less prevalent than O. 
aegyptiaca in cultivated fields in Israel. The second most significant species in Israeli agriculture is O. 
crenata which parasitizes a wide range of crops belonging to the Solonaceae, Fabaceae, Umbelliferae and 
Geraniaceae. O. cernua is less abundant and parasitizes a limited range of Solonaceae and Geraniaceae 
crops. Though O. cumana has an extremely limited host range and effectively parasitizes sunflower only, it 
is very widespread and causes substantial losses to Israeli confectionary sunflower production. The rapid 
spread and high virulence of O. aegyptiaca in tomato and O. cumana in sunflower fields has caused 
devastating losses to the Israeli tomato and confectionary sunflower industries and has forced entire 
regions to completely abandon these crops.  
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Severity of Parasitic Weeds in Cyprus 

 
Nicos Vouzounis 

Agricultural Research Institute 
Nicosia, Cyprus;  n.vouzounis@arinet.ari.gov.cy 

 
The most dangerously occurring parasitic weeds in Cyprus are the two genera Cuscuta and Orobanche. 
Most widespread species of Cuscuta are C. campestris and C. monogyna. 
C. campestris attacks principally alfalfa and clover and plague several important crops including potato, 
tomato, eggplant, onion, melon, watermelon, sugar beet and recently some aromatic plants and many 
others. 
An infestation of Cuscuta can be so destructive to crop plants that special measures specifically aimed at 
its control, are justified (Dowson, 1987). 
The estimated yield losses due to C. campestris averaged 10% in alfalfa while the alfalfa area infested 
estimated at 100ha corresponding to 24% of the total alfalfa cultivated area. 
C. monogyna attacks grapes, and occasionally citrus and olives. Although vine infested area is negligible 
(70ha), total destruction of grapevines could be expected from heavy attacks by C. monogyna. 
Effective control of C. monogyna in vineyards was achieved by keeping the vineyard free of annual and 
perennial weeds (Vouzounis and Americanos, 1997). 
 
The genus Orobanche contains two economically important species, causing acute agricultural problems in 
Cyprus i.e. O. crenata and O. ramosa. 
O. crenata attacks economically important crops, of which the most seriously affected is faba bean. The 
infested faba bean area is estimated at 142ha, which corresponds to 30% of the total faba bean area.  
The total infested faba bean area in the Mediterranean region was estimated at 800.000ha. Under natural 
conditions, four emerged Orobanche shoots per host plant resulted in 50% yield reduction (Mesa-Garcia 
and Garcia-Torres, 1984).  
O. ramosa attacks cabbages, potato, tomato, melon, watermelon and other crops. The total infested area of 
the mentioned crops in Cyprus was estimated at 100ha, which corresponds to 10% of the total cultivated 
above crops area. 
Work at the Agricultural Research Institute (A.R.I.), has led to the successfully control of Orobanche in 
broad bean (Americanos, 1983), cabbage (Americanos and Vouzounis, 1995), celery (Americanos, 1991), 
tomato and eggplant (Vouzounis and Americanos, 1998), and melon and watermelon (Vouzounis, 
unpublished data). 
 
References 
Dowson, J. H. 1987. Cuscuta (Convolvulaceae) and its control. In: H. Chr. Weber and     W. Forstreuter (eds.). 

Parasitic Flowering Plants (Proceedings). F.R.G. Marburg, p.137-149. 
Mesa-Garcia, J. and L. Garcia-Torres. 1984. A competition Index for Orobanche crenata Forks. Effects on Broad 

bean (Vicia faba). L. Weed Res. 24: 379-382. 
Americanos, P. G. 1983. Control of Orobanche in Broad beans. Technical Bulletin 50, Agricultural Research 

Institute, Nicosia, 4p. 
Americanos, P. G. 1991. Control of Orobanche in celery. Technical Bulletin 137, Agricultural Research Institute, 

Nicosia, 5p. 
Americanos, P. G. and N. A. Vouzounis. 1995. Control of Orobanche in cabbage. Technical Bulletin 170, 

Agricultural Research Institute, Nicosia, 5p. 
Vouzounis, N. A. and Americanos P. G. 1995. Control of the parasitic weed Cuscuta monogyna in grapevines. 

Technical Bulletin 182, Agricultural Research Institute, Nicosia, 5p. 
Vouzounis, N. A. and Americanos, P. G. 1998. Control of Orobanche (Broomrape) in Tomato and Eggplant. 

Proceedings of a Workshop in Current Problems of Orobanche Researches (K. Wegmann, L. J. Musselman, 
and D.M.Joel, eds), pp431-437. September 23-26, 1998. Albena, Bulgaria. 

 
 
 

 
 



COST Action 849, Parasitic Plant Management in sustainable Agriculture 
WG1+4 Workshop on Means for limiting Orobanche propagation and dispersal in agricultural fields 

4-6 December 2005, Newe-Yaar Research center, Israel 
 

 13

 
The Orobanche Problem in Turkey and its Economic Impact 

 
Ahmet Uludag1  and    Mehmet Demirci2 

1 Agricultural Quarantine Directorate, Izmir, TURKEY, ahuludag@yahoo.com 
2 Syngenta, Izmir, TURKEY, msdemirci@gmail.com 

 
Thirty six broomrape species (Orobanche spp) are stated in flora of Turkey. However, only a few of them 
are important in agricultural areas due to importance of crop as well as broomrapes’ occurrence and 
intensity.  
Sunflower is sown in 500,000 ha. Seven Orobanche cumana races have already been recorded. Only 22 % 
of the sunflower fields are broomrape free in the Trace Region, which is the main sunflower growing area 
with 70 % share. High and heavy infestation cover 45 % of these sunflower fields. Broomrape resistant and 
Clearfield sunflower varieties are sown in 60 % of this area, which reduce the potential losses due to the 
intense broomrape infestation. However, these sunflower varieties have less yield potential comparing to 
broomrape sensitive varieties. In the other sunflower grown areas, 35 % of the fields were infested with 
broomrape. Altogether, an estimated 100 thousand tons of crop is lost due to broomrape infestation and 
broomrape management problems in sunflower, which corresponds to an annual loos of 50 million Euro.  
Lentil area for both red and green lentil is 450,000 ha. While no broomrape infestation is detected in green 
lentil, which is grown in cooler parts of Turkey, the red lentil fields, which are located in the South East 
Anatolia Region is  heavilyy infested with O. crenata and O. aegyptiaca / O. ramosa, which are 
determined as mixed populations in 65 % of the area. Over 10 % of the fields are heavily infested, and 25% 
highly infested. Imazapic and imazethapyr are used in 10,000 ha each. Crop losses up to 100 % have been 
observed. But, 50 % and 80 % might be average crop loss for highly and heavily infested fields, 
respectively. Economic loss of about 60 million Euro is estimated annually.   
Tobacco is another important susceptible crop with 180,000 ha sown area. The main tobacco producing 
area is the Aegean Region with 70 % share. 60 % of the fields are infested with O. aegyptiaca / O. ramosa. 
Heavy infestation is observed in 35 % of the fields. Approximately 30 % of the fields are infested in the 
other regions. It is estimated that 70,000 tons of tobacco leaves are lost annually due to broomrape 
infestation, which is equivalent to 175 million Euro.  
Tomato for processing is produced the Aegean and the South Marmara Regions in 60,000 ha. In addition, 
in the same regions there are also 20,000 ha tomato fields for fresh market. About 30 % of the fields are 
heavily infested with broomrape, and the total infested area is 75 %. The crop loss due to broomrape in 
tomato is 25 to 40 tons per ha. In the other regions, the area infested varies between 5- 80 %. The 
greenhouse area for tomato production is 20,000 ha and 27 % of it is slightly infested with broomrape; but 
there is no significant loss in the greenhouses. The overall annual loss in tomato is estimated at 200 million 
Euro.  
Broomrape infestation occurs in 58 % of faba bean fields as O. crenata populations or in mixed population 
with O. aegyptiaca  / O. ramosa. Recently O. aegyptiaca / O. ramosa infestations were recorded also in 
potato fields in the main potato producing areas. Broomrape is rarely found in eggplant and in pea fields. 
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Metabolism of Orobanche seeds during conditioning and germination 
 

Alfred M. Mayer 
Department of Botany 

The Hebrew University of Jerusalem, Jerusalem 91904, Israel 
mayer@vms.huji.ac.il 

 
Orobanche seeds metabolize very actively, even during the conditioning period, in which the seeds become 
responsive to a germination stimulant. A distinct change in metabolism seems to occur in the transition 
period, when the seeds are able to respond to the germination stimulant, but visible germination cannot yet 
be detected. 
We will review some of the information obtained in our work on the changes in the metabolism of 
Orobanche seeds during conditioning and germination. Particular attention will be paid to nucleic acid 
metabolism and DNA synthesis and repair. Synthesis only occurs during germination, but repair take place 
during conditioning.  In the transition phase neither takes place. The timing of protein synthesis and 
breakdown will be examined. Proteins are actively turned over during conditioning. During actual 
germination, in the absence of host, proteins are rapidly broken down. The utilization of some of the 
storage materials in the seeds will be described. The major storage compound, lipid, is not utilized during 
conditioning, while soluble carbohydrates are. Enzymes involved in pectin breakdown are present in the 
germinating seed and these may be involved in penetration of the parasite root into the host. The 
respiratory metabolism of the seeds as well as the operation of cyanide resistant respiration change during 
conditioning,. Cyanide resistant respiration rises and then falls during conditioning and is apparently absent 
in the germination phase. Over-all respiration also rises and then falls during conditioning. With the onset 
of germination respiration rises sharply but then declines, probably due to exhaustion of substrates in the 
absence of host. 
The results point to possible sites of metabolism which could be inhibited in order to prevent germination 
and host infection. 
 
 

 
 
 

Soil Fumigation for Broomrape Seedbank Control 
 

Yeshaiahu Kleifeld 
Weed Research, Management & Control, Israel, kleifeld@netvision.net.il 

 
In early studies we found that an eggplant transplant may be heavily damaged by Egyptian broomrape 
seeds which were buried to 20-25 cm deep. Deeper burial did not prevent broomrape parasitism on host 
plant roots, but the parasite inflorescence stems were not able to emerge above soil surface and rotted 
underground.  
Intensive agriculture includes deep cultivation which results in burial of broomrape seeds under deep soil 
layers in which they remain viable for long periods. Therefore, this situation dictates the use of control 
means which should be distributed throughout the entire volume of the plowed soil layer.  
 
Intensive testing of solarization under favorable conditions in broomrape infested fields, yielded partial 
broomrape control, achieved mainly in the upper 10-15 cm soil layer; it was significantly effective for 
shallow rooting crops like winter legumes and Umbeliferae vegetables infested by Orobanche crenata and 
less effective for O. aegyptiaca control.         
 
The most effective broomrape control was achieved by methyl bromide applications, although it was 
complicated to obtain optimal soil conditions for its application in clay soils. Alternative fumigants which 
are registered for soil pest control include chloropicrin and formaldehyde, which showed very poor 
broomrape control and 1, 3-dichloropopen and materials producing methylisothiocyanate, which have 
significant effect in broomrape control.  
 



COST Action 849, Parasitic Plant Management in sustainable Agriculture 
WG1+4 Workshop on Means for limiting Orobanche propagation and dispersal in agricultural fields 

4-6 December 2005, Newe-Yaar Research center, Israel 
 

 15

Methylisothiocyanate and 1, 3-dichloropopen in various combinations significantly decreased broomrape 
infestation in low – medium contaminated fields, but failed in cases of heavy contaminations; they are 
hazardous  to applicators i.e., highly toxic and probably carcinogenic, and their toxic residual effect 
requires special application technology and safety measures. 
    
Recently, new soil fumigants have been investigated for soil-born diseases and other pests control; methyl 
iodide and ethanedinitile showed effective control of broomrape seeds, but both fumigants are not yet 
registered.     
   
 
 

 
Stimulation of false germination in soil 

 
Klaus Wegmann 

Eberhard-Karls-University Tübingen, Germany, Wegmann-Tuebingen@t-online.de 
 
Orobanche seeds need to be stimulated for germination by chemical compounds exuded by the host root. 
Most active natural compounds are the strigolactones. Less active natural compound other than 
strigolactones, and common chemicals have been discussed as germination stimulants. Host specificity of 
Orobanche spec. probably can be explained by selective sensitivity of Orobanche seeds to individual 
strigolactones and synergistic action of several, closely related strigolactones. 
Synthetic strigolactone analogues have been proposed for Orobanche control by false or suicide 
germination. While former experiments with GR compounds failed, positive results were obtained in fields 
trials with Nijmegen-1. Results will be reported. Recently further compounds were synthesized for the 
same purpose. The advantages and disadvantages of the application of synthetic compounds for Orobanche 
control will be discussed. 
A survey on trap crops as alternatives to chemicals in Orobanche control will be presented. Recent results 
will be shown. 
 
 
 
 
   
Temperature Dependence of Orobanche Germination and Implications for the Northward Spread of 

Orobanche within Europe 
 

Alistair J. Murdoch1 and Ermias Kebreab2 
1Department of Agriculture, The University of Reading, Earley Gate, PO Box 237, Reading RG6 6AR, UK 

Email: a.j.murdoch@reading.ac.uk 
2Centre for Nutrition Modelling, Department of Animal and Poultry Science, University of Guelph, 

Guelph, Ontario N1G 2W1, Canada 
 

Seeds of the parasitic weeds like Orobanche and Striga, have to undergo two processes before they will 
germinate in response to germination stimulants. These processes are after-ripening and conditioning. 
 
After-ripening occurs in dry seeds and, within the population, the progress of dormancy loss is predictable 
as a function of temperature. We are not aware of any quantitative predictive models of after-ripening in 
Orobanche, but in Striga hermonthica, the rate of after-ripening increases with increase in temperature 
with a Q10 of approx. 3. This is believed to be a physical rather than a metabolic process because it occurs 
in seeds which are, by definition, quiescent and, apart from the c. 81-fold increase in rate, occurs as 
effectively at 60°C as at 20°C. Before, however, one starts after-ripening at high temperatures, it is also 
important to know that the Q10 for loss of viability increases exponentially with increase in temperature 
(compared to the linear increase for after-ripening ). The net effect is that there comes a point (which for 
                                                           

 [As a complete digression, these observations prove that there is no link between viability and dormancy.] 



COST Action 849, Parasitic Plant Management in sustainable Agriculture 
WG1+4 Workshop on Means for limiting Orobanche propagation and dispersal in agricultural fields 

4-6 December 2005, Newe-Yaar Research center, Israel 
 

 16

Striga is about 60°C) when some seeds lose viability before they lose dormancy! It is therefore 
recommended that routine after-ripening should not be carried out above 40°C.  
 
Have lost innate dormancy during after-ripening, the second prerequisite process is (pre)conditioning, 
which unlike after-ripening, occurs in moist, imbibed seeds so that in this case, the seeds are no longer 
quiescent, but actively metabolising. During conditioning, the proportion of seeds capable of germinating 
in response to chemical stimulants increases to a maximum. The rate of the process increases with increase 
in temperature in the Orobanche and Striga species tested, but the temperature range over which the 
process can take place is limited by the ability of imbibed seeds to survive at high temperatures. So the 
optimum is around 20°C in Orobanche. Previous models of the response of the seed population have 
simply modelled the rate of the process as a function of temperature. Re-analyses showing that the 
conditioning process has a base temperature and thermal time response will be presented.  
 
Prolonging the conditioning period often leads to an induction of secondary dormancy in imbibed seeds. 
Again, these results can also be re-analysed using a thermal time model. 
 
The germination process itself is likewise a thermal time response. We have published base temperatures 
and thermal time requirements for germination of Orobanche seeds (Table 1). 
Table 1. Base temperatures and thermal times for germination of Orobanche species. 

Species Base temperature Thermal time to 50%
O. aegyptiaca 3.6°C 51.4 °C days 
O. cernua 4.0°C 52.5 °C days 
O. crenata 4.9°C 47.4 °C days 
O. cumana 4.3°C 39.1 °C days 
O. minor 5.5°C 47.9 °C days 

From Kebreab, E. and Murdoch, A.J. (1998). Proc. 4th Int. Workshop on Orobanche Research, 59-64. 
 
It is also important to consider how thermal time requirements for germination are modified by fluctuations 
of temperature and by water stress. A modified thermal time model was found most appropriate for the 
effects of water stress and except where the maximum daily temperature is supra-optimal, the principal 
response to temperature fluctuation is largely a function of mean temperature. So thermal time models 
based on experiments carried out at constant temperature may give reasonable first approximations to the 
responses at alternating temperatures.  
 
It is emphasised that all these results relate to single seed lots of the species studied. It is clearly desirable 
to explore variation in these responses between races and seed populations. In the light of global climate 
change and the potential northward spread of Orobanche within Europe, there is an even more urgent need 
to explore this variation. Assuming potential host plants are being grown, variation in thermal times and 
base temperatures for conditioning, induction of secondary dormancy and germination will in part 
determine whether or not the parasites can spread northwards to cooler environments. However, taking the 
results currently available, we can even now explore the likelihood that the seed populations studied would 
persist in more northerly European environments, now and given various climate change scenarios. A 
positive answer to such questions would reinforce the need for greater quarantine controls where seeds are 
produced in southern Europe for sale further north. 
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Growing degree days (GDD) Model for Orobanche germination and development  
 

Hanan Eizenberg 
Newe-ya'ar Research Cenetr, ARO, Israel , eizenber@volcani.agri.gov.il  

 
 
Temperature is a key factor that influences the dynamisc of host and parasite interaction and development.  
In the current presentation, the temperature dependent relationship was addressed, described by a 
predictive model based on growing degree days (GDD) for broomrape parasitism in certain crops such as 
sunflower, tomato and red clover.  All the stages of parasitism, beginning from Orobanche seed 
germination are strongly related to GDD. These relationships allowed for the creation of a simple 
predictive model based on GDD. The proposed model is based on a temperature range and climatic 
conditions that are common to Israeli agriculture (or to Oregon, in the case of red clover). The model is 
expressed as a sigmoid equation and predicts lag, log, and maximum phases for four parasitic stages in 
relation to GDD.  A field study confirmed that GDD could be a predictive parameter for small broomrape 
parasitism.  The proposed predictive model may serve us as a base for developing a decision-support 
system for the control of the parasite. 
 
 
 
 

The Mode of Action of Herbicides in Host-Parasite Interaction 
 

Talia Nadler-Hassar1,2, Lilach Zygier1, Orly Korber1, Dale Shaner2 and Baruch Rubin1 
1R H Smith Institute of Plant Science & Genetics, Faculty of Agricultural, Food and Environmental 
Sciences, The Hebrew University of Jerusalem, Rehovot 76100, Israel; 2USDA, ARS, Fort Collins, 

Colorado, USA 
(rubin@agri.huji.ac.il) 

 
Herbicides control weeds by inhibiting essential pathways in the plant. Many of these pathways are in the 
chloroplast (e.g. photosynthesis, amino acid biosynthesis, and lipid biosynthesis). This could be a problem 
when trying to control holoparasites with various herbicides that interfere with photosynthetic processes, as 
in most parasites chloroplasts are either absent, rudiment or only partially functioning.  Although Striga 
and Cuscuta spp. has functional chloroplasts, the extent to which the parasite depends on its own 
biosynthetic pathways to survive is unknown and therefore may pose a challenge when trying to choose an 
appropriate herbicide for control. In addition, the vascular connection between the host and parasite limit 
the kind of herbicides that can be applied to control the parasite without harming the host. Herbicides that 
interfere with amino acids biosynthesis (AABI), are known to inhibit growth of parasitic weeds such as 
Orobanche spp., Striga spp. and to some extent also Cuscuta spp.. AABI herbicides obstruct the 
biosynthesis pathways at three sites. Glyphosate inhibits the biosynthesis of aromatic amino acids by 
inhibiting enolpyruvyshikimate-3-phosphate synthase (EPSPS), a large group of acetolactate synthase 
(ALS) inhibitors stop the biosynthesis pathway of branched chained amino acids and glufosinate inhibits 
the glutamine synthetase (GS). Our studies have shown that these biosynthetic pathways exist and function 
in Orobanche aegyptiaca and Cuscuta spp.. Being nonspecific holoparasite Cuscuta and Orobanche are 
totally dependent on host plant for the supply of water, assimilates and solutes. The parasites act as a strong 
sink competing with host sinks for these resources. AABI such as glyphosate and ALS inhibitors being 
phloem mobile enable them to be easily translocated from the host plant and accumulate in the parasite. 
We found that C. campestris and other Cuscuta spp. seedlings not attached to a host are tolerant to 
glyphosate and ALS inhibitors, whereas O. aegyptiaca grown on glyphosate-resistant tomato plants is 
sensitive. Using various transgenic herbicide-resistant host plants we attempted to elucidate these 
phenomena. The results suggest that the parasites confer the capacity to synthesize aromatic and branched 
amino acids independently of the host plant. The implications of these results on parasite management will 
be discussed.  
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Natural compounds for the management of broomrape seed germination 
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maurizio.vurro@ispa.cnr.it 

2Department of Soil, Plant and Environment Sciences, University of Naples Federico II, Via Università 
100, 80055 Portici, Italy 

 
  Seeds of parasitic plants germinate only if stimulated by host root exudates and start producing a tubercle 
only if they are near enough to the host roots. After germination, the parasites have a long underground 
phase, and by the time they emerge, much of the damage has already been produced.  
  Considering the dependence of seed germination by the presence of stimulating exudates produced by the 
roots of the host plant, alternative approaches for the management of parasitic weeds could be the use of 
natural compounds both as natural herbicides, to inhibit the germination of seeds, or as stimulants, to 
induce the so called “suicidal germination”, that is the induction of seed germination in absence of the host. 
In the first case, the seeds will not germinate or will be devitalized; in the latter case, the parasite seeds will 
germinate but, in absence of the host, will die. 
  The ability of fifty-three strains to produce bioactive metabolites in solid and liquid cultures was recently 
ascertained, in order to identify metabolites inhibiting  the germination of O. ramosa seeds (Abouzeid et 
al., 2004). In particular, the presence of neosolaniol monoacetate was ascertained in the organic extracts 
from liquid cultures of one strain of Fusarium compactum, whereas verrucarins (A, B, E, M and L acetate), 
roridin A, isotrichoverrin B, and trichoverrol B were found in the extracts from Myrothecium verrucaria 
cultures (Andolfi et al., 2005).  
  Recently we reported that certain natural amino acids cause severe physiological disorders of germinating 
broomrape seeds. In particular, methionine was able to inhibit almost totally the germination of seeds of O. 
ramosa when applied at a concentration of 2 mM (Vurro et al., 2005). Applied to tomato roots, methionine 
strongly reduced the number of developing tubercles of the parasite. These findings suggest that 
appropriate amino acids applied exogenously to a root zone might result in control of parasitic plants such 
as Orobanche sp.; furthermore, amino acid excreting microbes introduced into the crop rhizosphere might 
control root parasitism, or amino acid producing broomrape pathogens might be selected in order to 
enhance their virulence.   
  Among several fungal metabolites tested with the aim of finding new natural stimulants, fusicoccin and 
cotylenol proved to induce seed germination of S. hermonthica and O. minor. Fusicoccin is the major toxic 
metabolite of Fusicoccum amygdali, the causative fungal agent of peach and almond canker. Considering 
the efficacy of fusicoccin in stimulating seed germination of parasitic plants, research in our laboratory 
were carried out in order to purify and identify several derivatives and natural analogues of fusicoccin and 
its aglycone and a structure-activity study was carried out, using the seeds of O. ramosa (Evidente et al., 
2005).  
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A new approach for parasitic weed control 
 

R. Aly1, N. Hamamouch2, E. Banner1, C. Cramer2 and J. Westwood2 
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Although the best long-term strategy for limiting damage by parasitic weeds is the development of broomrape-
resistant crops but conventional breeding has yielded few varieties only with stable resistance. Development 
of new effective biotechnology for resistance to broomrape requires identification of genes whose products 
selectively inhibit parasite growth and promoter sequences that optimize expression of such genes. To 
address this approach, we have generated transgenic tobacco showing enhanced resistance to O. aegyptiaca. These 
plants express a cecropin (sarcotoxin IA) peptide under the inducible control of the HMG2 promoter and 
targeted for secretion to the extracellular space.  When grown in soil inoculated with O. aegyptiaca, 
transgenic plants had greater height and biomass than non-transformed plants.  These lines also had 
reduced dry weights of tubercles, representing approximately 30% of the control, while having no obvious 
effect on the host plant growth and development.  
According to our results, the pending strategy is superior to other methods in that it is effective, low cost of 
implementation for producers and safe for the environment.  
 

 
Biotechnology and the Management of Weedy Orobanchace 

 
Sagit Meir, Ziva Amsellem, Hani Al-Ahmad, Olubukola Babalola, Yoav Herschkovitz 

 and Jonathan Gressel 
Plant Sciences, Weizmann Institute of Science, Rehovot, 76100, Israel 

Sagit.Meir@weizmann.ac.il , Jonathan.Gressel@weizmann.ac.il 
 
Introduction. It is clear to us that pathogens attacking Orobanche are insufficiently virulent to provide the 
level of control demanded by growers.  Superior formulations of viable inocula are prerequisites [1], but 
are not enough to overcome the evolutionary barriers preventing field wide control. Thus we have been 
transforming organisms we isolated [2] with various gene,s and “soft” genes such as those encoding auxin 
over–production increased virulence, but not enough [3].  We thus tested the NEP1 gene encoding a fungal 
toxin from Fusarium oxysporum f. sp. erythroxyli that had successfully conferred hypervirulence when 
transformed into the Colletotrichum coccodes attacking Abutilon theophrasti [4].  
Materials and Methods.  Fusarium oxysporum (#CNCM I-1622) and F. arthrosporioides (#CNCM I-
1621) were NEP1-transformed and assayed for hypervirulence on Orobanche aegyptiaca parasitizing 
tomato using methods described in [3, 4].  The co-transformation technology allows any number of genes 
to be simultaneously introduced.   
Results.  None of the F. oxysporum transformants were hypervirulent, but F. arthrosporioides killed 
Orobanche more quickly than the wild type.  Transformed lines of both species were NEP1 PCR positive, 
as was the wild type of F. oxysporum #CNCM I-1622 and five other forma speciales of F. oxysporum.  All 
6 wild type F. oxysporum excrete small amounts of immunologically detected NEP1-like protein.  NEP1 
expression of most transformants was suppressed, suggesting that the native gene and the transgene silence 
each other.  The sequence of the putative NEP1 gene in Fusarium oxysporum #CNCM I-1622 differs from 
the sequence in the toxin over-producing strain in 5 (deduced) amino acids in the first exon.  Wild type F. 
arthrosporioides does not contain the NEP1 gene, explaining why it was amenable to transformation with 
high expression, and its virulence was enhanced due to a lack of a co-suppressing endogenous gene [5]. 
Ongoing research. As the ideal enhanced biocontrol agent will have a plethora of hypervirulence genes 
interacting with each other, hopefully in a synergistic manner, we have obtained a number of genes that we 
have evidence, or we presume will perform well.  These include genes encoding ceratoplatinin, expansin, 
pectinase, and cellulase.  The latter two are from bacterial sources and the genes are quite different from 
the fungal genes, to preclude the problems encountered with NEP1.  The expansin gene is from a 
nematode.  These genes are presently being engineered into two versions of a universal expression cassette 
with mutiple restriction sites that we have specially constructed for this purpose, one version with Trp C as 
the high expression promoter and the other Tox A promoter.  Prior to transformations, we endeavoured to 
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obtain preliminary evidence that the gene products would be active.  For example, commercial pectinase 
and cellulase enhanced infection when sprayed with the fungi in the polybag system [6]. 
   From a biosafety point of view, we are also planning on adding RNAi constructs against sporulation 
genes, to prevent the organisms from spreading beyond their points of application [7].  It is hoped that the 
addition of a large number of transgenes will cause the organisms to be quite unfit to compete for long 
periods against indigenous microorganisms, and will thus dissipate from the soil.   

   The constructs we are developing are available for collaborative research, subject to the standard 
constraints. 
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Integrated Orobanche management suggests the use of two or more control methods for managing the 
parasite in a particular field. Taking into account the status of each control measure available today, the 
most practical and feasible combination would be the use of resistant varieties together with chemical 
control or with hand weeding. The main obstacle in using resistant varieties is their fast breakdown and the 
appearance of new aggressive populations of the parasite. In order to prevent the formation of such 
populations, the use of resistant varieties should always be accompanied with other control methods, which 
should eliminate seed production and dispersal by the individual parasites that bypass the resistant 
mechanism of any resistant crop variety. This means that chemical control or hand weeding should be 
preformed towered the end of the season before broomrape seed dispersal, even in cases when only few 
individual parasites develop in the field.  
In our ongoing effort to develop an integrated approach for Egyptian broomrape (Orobanche aegyptiaca) 
control in tomato we succeeded to develop a resistant tomato variety using seed mutagenesis. The M2 
generation was screened in a heavily broomrape infested field in Usha. The resistant M3 and M4 were 
screened in pots in the greenhouse and M5 was screened again in the field at Mevo Hama.  
Our chemical approach is base on two applications of sulfosulfuron at 2 and 6 weeks after planting, and 
additional application of imazapic towered the end of the season after the productive tomato flowers had 
set fruits. 
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Resistance and the development of virulent Orobanche races 
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Parasitism by root parasites often results the significant yield damage, up to 50% losses of sunflower crop, 
and in severe cases, causes up to 80-90% yield reduction. 
The distribution of the Orobanche species is major in the Mediteranean region and  Eastern Europe.  
Control of the parasite is extremely difficult. Breeding for sunflower resistant cultivars is the most effective 
method to control it. 
For a long time, there were two broomrape (Orobanche sp.) races (A and B) present in the areas cultivated 
with sunflower. 
The sunflower genotypes grown at the time (first the cultivars and then the hybrids) were genetically 
resistant to the two races. 
Vrânceanu et al. (1980) identified five physiological races (A-E) of Orobanche cumana in the southeastern 
Romania, by five different sunflower genotypes, differentiating the five genes associated with the 
resistance to the five races (Or1 – Or5). 
In the same period, in the same period, in the areas cultivated with sunflower in Bulgaria and Yugoslavia, 
were described only three races of the parasite: A, B and C (Shindrova, 1994; Mihaljcevic, 1996). 
In Spain, broomrape populations belonging to race E started to show up since 1990. 
From the early nineties, virulent populations of broomrape (Orobanche cumana) belonging to race F have 
overcome all resistance genes Or1 to Or5, in cultivated sunflower (Helianthus annuus) and have spread 
rapidly, in Romania and Turkey. More recently, a new race (designated race G), overcoming race F 
resistant lines, have been identified in south Spain. 
In present it is possible to have a new, more virulent population of broomrape (Orobanche cumana), the 
race H, in Turkey. 
Results of evaluation of cultivated sunflower germplasm for resistance to populations belonging to race F, 
indicated that only a low proportion showed full resistance or segregated. Several cycles of disease 
screening and selection resulted in the development of new lines, uniformly resistant to the races E and F 
and susceptible or showing segregation to the race G. 
The low level of resistance found in the evaluation of cultivated sunflower material contrast with the 
results in wild species. 
Accession of many perennial species (more than twenty) showed complete resistance. 
Therefore, although cultivated germplasm are valuable sources of resistance, wild Helianthus species 
constitute the major source of resistance, to the new virulent races. 
Results of evaluation of the crosses between different race F resistant lines and race E resistant lines and 
crosses between race F resistant lines and different susceptible lines have showed that dominance 
relationships and genetic control of broomrape resistance in sunflower is highly dependent on the race of 
broomrape and the source of resistance. 
Significant results have been achieved by developing sunflower hybrids resistant to the broomrape 
(Orobanche cumana). By cultivation of the   resistant sunflower hybrids, there are eliminated important 
yield losses. We can to speak about 350 EUR/hectar cultivated with sunflower, taking into consideration 
50% losses and 200-250 EUR/hectar, in case of the cultivation of IMI-resistant hybrids. 
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Distribution of Weedy Orobanche Species in Europe and the Mediterranean 
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Among the main goals of the COST 849 project there is to acquire information suitable to define the genus 
Orobanche from both taxononomic and applied points of view, with special regard to parasitic species on 
crops such as Orobanche aegyptiaca Pers., O. ramosa L., O. crenata Forssk., O. minor Sm. and O. cumana 
Wallr.,  that are particularly dangerous. With the aim of improving the knowledge on these species, their 
distribution in Europe and the Mediterranean area has been updated and mapped starting from the 
historical literature data to which both recently published and still unpublished records were 
collaboratively added by regional partners. Since recording methods and accuracy were inconsistent within 
the range of each surveyed species, different sources and the relevant levels of information are marked by 
different colors in the maps: light yellow: cursory distribution based on ancient literature; yellow: 
distribution based on recent literature and few field surveys; dark yellow: distribution based on recent 
literature data and several field surveys. The occurrence of broomrapes as weeds (red dots) or as extra-
agricultural elements (blue dots) was recorded on grid cells of  50 × 50 km2, according to Jalas & al. 
(1999).  
The southern distribution limit of all the surveyed species is the northern borderline of the Sahara desert; 
northern limits range depending on resistance to cold of each species. 
Orobanche aegyptiaca occurs in Asia and in the eastern Mediterranean. The westernmost limit lies in 
Greece and Egypt, the northernmost in Turkey and Greece.  
O. ramosa L. occurs in the whole Mediterranean. Its distribution extends southwards along the Nile valley 
and northwards up to Denmark. It is a weed in north Africa and eastern Europe, but only occasionally in 
other regions. As an alien it has been reported from Australia and North America where it can easily 
become invasive. 
O. crenata Forssk. is a typical stenomediterranean species. Its northern distribution limit falls on northern 
Italy and southern France. 
O. cumana Wallr. occurs in Asia and in the eastern Mediterranean. Records from Tunisia and Algeria 
probably concern O. cernua L. Furthermore, O. cumana also occurs in two large areas in central and 
southern Spain where it seems to be not native (Pujadas-Salvà, 2000). Its northern limit is in Ukraine. 
O. minor Sm. occurs in Asia and in the whole Euro-Mediterranean area. Its northern limit is found in 
Scotland and Denmark. This species is a weed in legume meadows in central Europe and only occasionally 
infects cultivated plants elsewhere. It has also been introduced into South Africa. 
Further development of this research will be directed to improve the general knowledge on the whole area, 
with special regard to eastern Europe and northern Africa. Furthermore, some other potentially dangerous 
species to agriculture, such as O. foetida Poir. on legumes in Morocco (Rubiales & al. 2005) or O. cernua 
L. on compositae in Israel (Joel, 1988), are to be monitored since in the next future they could spread out in 
other countries. 
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The root parasite Orobanche crenata (crenate broomrape) attacks legumes and other crops predominantly 
in the Mediterranean region. The holoparasite is characterised by host specificity, intimate connection to 
the host and high fecundity. A spread beyond its present geographical range might cause major economic 
damage. We attempted to identify factors limiting the potential distribution of O. crenata and to assess 
current and future risks of range expansions. Information on actual distribution and ecophysiology of the 
species was gathered from literature and laboratory studies. Simulation models of seedbank dynamics and 
potential distribution served to delineate risk areas. The present range of O. crenata covers the 
Mediterranean Basin and stretches eastward to Iran and southward to Ethiopia. Specimens were found in 
the temperate climate zone, but with one possible exception, no population has established there. We 
presume that species distribution is a function mainly of effects of temperature and soil moisture acting on 
the parasite seedbank through dormancy-nondormancy cycling. Temperature and moisture levels at 
temperate latitudes cause a preponderance of dormancy-inducing conditions. The probability of dormancy 
release coinciding with the presence of a host plant is very low. Its inherent safety mechanisms seem to 
impede the establishment of O. crenata outside its native range. Seeds of the closely related O. ramosa 
(branched broomrape), which occurs in temperate regions, proved less prone to dormancy induction. 
Simulations using CLIMEX software indicated a potential suitability of climatic conditions for O. crenata 
establishment in large areas with mediterranean and tropical climate. Risk areas could be defined more 
sharply by taking into account regional and on-site host cropping frequencies. Scenario analyses of 
expected future climate revealed a likelihood of the parasite’s potential range to expand to temperate 
Europe. 
 
 

 
 

EU regulations to limit weed infestation 
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There is relatively little awareness to the problems of weeds in Europe.  Currently, only Arceuthobium 
spp. (non-European) are regulated by the EU.  The process of adding a weed or other quarantine pest to the 
EU Council Directive is usually based on recommendations made by the European and Mediterranean 
Plant Protection Organization (EPPO) but can also be suggested by any member country.  EPPO has a 
defined system by which a pest may become recommended to be added to country quarantine lists.  The 
information required for this process includes a datasheet on the pest, a risk assessment (or pest risk 
analysis), suggested management options and a reliable diagnostic protocol.  Any member country of 
EPPO can submit this information for consideration.  Most EPPO-recommended quarantine pests are 
eventually incorporated into EU regulations. 
     



COST Action 849, Parasitic Plant Management in sustainable Agriculture 
WG1+4 Workshop on Means for limiting Orobanche propagation and dispersal in agricultural fields 

4-6 December 2005, Newe-Yaar Research center, Israel 
 

 24
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Striga spp (Witchweeds) are angiosperm root parasites belonging to the Scrophulariaceae. Witchweed 
represents the greatest biological constraint on food production in Africa with greatest diversity in the 
savannas and grasslands north of the equator and it is an economically important problem in 59 countries. 
Of the more than 30 known species, three cause the largest damage to crops in sub-Saharan Africa, 
namely:  S. hermonthica, S. asiatica  and  S. gesnerioides. S. hermonthica mainly attacks sorghum, millet 
and maize in tropical and sub-tropical regions spreading across from West Africa to Ethiopia. S. 
hermonthica is the most important pest in crops throughout its geographical range, but in native vegetation, 
it seems to be restricted to Ethiopian region implicating that this species is completely adapted to the agro-
ecosystem. S. asiatica, parasitizes sorghum, millet and maize in South Africa and S. gesnerioides is a 
parasite of broad-leaved dicotyledonous plants including cowpea in West Africa and tobacco in East 
Africa. In addition other Striga species become a pest in certain regions, e.g. S. forbesii on maize and 
sorghum  in E. Africa and  S. aspera (very closely related to S .hermonthica)  on maize in W. Africa. There 
is a possibility that hybrid vigour could play a role in the higher virulence of some S. aspera/S. 
hermonthica strains.   
Striga threatens the lives of over 100 million people in Africa. Two-thirds of the 73 million hectares 
devoted to cereal crop production in Africa is seriously affected. Many authors have attempted to put an 
approximate figure to the economic consequences of the parasitic weed problem. Mboob presented a 
conservative estimate of 40% crop loss due to Striga in Africa, representing an annual loss of cereals worth 
US $7 billion. The overall loss in grain production according to Sauerborn amounts to 4.1 million tons. He 
further pointed out that another 44 million grain producing area could be at risk. In East Africa the parasite 
is a serious pest that threatens subsistence cereal production. Yield losses are estimated to range between 
65 and 100%. With erratic rainfall, encroaching desert, intensive land use and free movement of farm 
produce, the spread of parasitic weeds has increased with a consequent decrease in food production in 
many countries. Globally, witchweeds have greater impact on human welfare than any other parasitic 
angiosperms because their hosts are subsistence crops in areas marginal for agriculture.  
Striga has recently been reported to extend to areas where it had not previously been present. S. 
hermonthica is found on teff (Eragrostis tef, the major Ethiopian cereal), has been observed on barley (in 
Ethiopea) and parasitized sorghum on elevations at 2300m above sea level suggesting that this species 
could become a potential threat for Europe.     
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The broomrape problem in Israel is particularly severe, due to the presence of five different species with 
highly diverse populations that vary in their host preferences. It is therefore currently regarded the most 
damaging pest in vegetables and in field crops. In fact almost all agricultural regions in the country are 
infested with at least one species, and the lack of alternative areas limits the farmer's ability to grow 
susceptible crops. The estimated annual damage due to broomrape in Israel is 32 Million NIS.  
New virulent races of both O. cumana O. aegyptiaca and O. crenata increase the risk posed by these 
parasites.  It is now agreed that without drastic measures to stop the spread of Orobanche species the 
tomato and sunflower industries will soon be under threat.  
The awareness of the farmers and of the government to the problem has lead to the nomination of a special 
steering committee that has the mandate to develop a comprehensive scheme aimed to gradually reduce the 
damage caused by this parasite.  
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The following is a preliminary draft of the main points that need to be addressed under the National 
Broomrape Program: 
Objectives 

• Gradual de-infestation of the fields. 
• Long-term Reduction of the damage. 
• Prevent further broomrape spread. 

Principles 
• Regard broomrape as an epidemic. 
• Apply long-term management. 
• Coordinate field and R&D activities. 

Regulation 
• Sanitation and quarantine in farms and industry. 
• Broomrape eradication immediately after harvest of relevant crops. 
• Keep crop seeds and propagules clean of any broomrape seeds. 
• Insist on standard compostation, to free from broomrape seeds. 
• Fumigate soil to reduce infestation. 
• Prevent re-infestation 
• Prevent infestation by water. 

  R & D 
• Development of methods and protocols for sanitation. 
• Encourage the development of new means for broomrape control and management. 

  Databases, mapping, information and education 
• Document and map field infestation. 
• Develop database for species distribution. 
• Develop Diagnostic Service.  
• Develop information services & educational programs. 

 
 
 
 
 

The Branched Broomrape Eradication Project in Australia 
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There are three species of broomrape in Australia.  

Branched broomrape, Orobanche  ramosa, is of particular concern as it poses a threat to production and 
has the potential to disrupt our international markets through contamination of non hosts such as wheat. 

O. minor is naturalised across southern Australia but because of its distribution and its relatively narrow 
host range is not considered sufficient threat to warrant an eradication program. 

O. Cernua in its Australian form is a rare plant with no agricultural significance. 

The twin economic threats of lost production and market disruption posed by branched broomrape are 
significant: 

• An economic analysis undertaken in August 2003 by consultants EconSearch estimates  the 
planned 20-year eradication program – currently in its seventh year - to have a net present value of 
$243m, a benefit/cost ratio of 8:1 and internal rate of return of 22%. 

• The Department of Water, Land and Biodiversity Conservation, South Australia, in a Landform 
analysis using detailed data, estimates that 4.3 m ha or 27% of the agricultural areas of South 
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Australia is at high risk of infestation with branched broomrape.  Branched broomrape will 
establish in similar landforms across Australia, particularly mallee type country. 

• The hazard to production of a wide range of broadacre and vegetable crops has been reinforced by 
laboratory testing and field observations confirming the host range of the Australian form of 
branched broomrape. Recent host testing of native species shows that branched broomrape will 
parasitise a range of different native species and families and so has the potential to become a 
significant environmental weed. To date 28 commercial species, 10 native, two exotic and 15 
summer and winter growing weeds are confirmed hosts. 

International marketeers who sell Australian grain have reiterated their view that commodity marketing of 
Australian product will be difficult unless the weed is eradicated.  

The National Branched Broomrape Program 

Branched broomrape was discovered, by chance, in a low rainfall region with neutral to alkaline soil in 
South Australia in 1992.   This prompted a State funded and organised eradication program using the 
fumigant, methyl bromide, with the aim of destroying what was thought to be a small area of infestation.   

When the weed was found to be more widely distributed than first thought the current national program 
was established. The national program began with a management and delimiting program in 1999, with an 
eradication program adopted in 2001/02.  This was the starting point for a substantial eradication program 
with an annual budget of around $4m Australian.  Eradication remains the optimum strategy for managing 
branched broomrape, with independent reviews in 2001, 2002 and 2005 supporting eradication as the best 
objective for the program.  

The national program is managed by the SA government through the Department of Water, Land and 
Biodiversity Conservation on behalf of industry. It is a joint effort with benefits across multiple industry 
sectors, a point that tends to be lost on producers in the quarantine area whose productivity is not affected 
by the presence of branched broomrape.   

Collaboration  

Australia is the lucky country. Our starting point is that we are one country, on an island continent, with 
essentially one heritage.  Australia and its States have a history of collaboration, complementary legislation 
and national decision making structures that enable a program of this scale to operate effectively. 

Gathering The Resources 

During 1998 and 1999 those responsible for weed control in the South Australian Animal and Plant 
Control Commission (APCC) realised that branched broomrape was a weed of national significance and 
believed there was an opportunity to eradicate it in a few years.  

The Commission, via the head of the Department of Agriculture, was able to approach an existing decision 
making structure headed by the Primary Industries Ministerial Council (PIMC). This council, comprising 
the  ministers for agriculture from the States and the Australian government, are able to commit funds. 

The APCC proposal was basically: 

• Branched broomrape is a weed of national significance with substantial economic implications for 
agriculture across Australia both production and marketing. 

• It can be eradicated. 

• Enabling legislation is in place. 

• We have estimated the cost and it is a good investment. The States and Commonwealth should 
fund the program on the basis of relative risk according to potential production losses. The cost 
share formula included in the initial proposition remains valid and is still used to calculate 
participant contributions.  

The national PIMC funding is pivotal to maintaining the program. Other bodies make substantial 
contributions that support the core PIMC program. 
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National funding is committed until June 2009 but is contingent on satisfactory annual progress.  The 
Australian Weeds Committee, a national group of experts, assesses this progress. 

Industry Funding 

The national decision to fund the program using tax payers’ money did not come easily. There was a lot of 
discussion about the appropriate level of support from industry funds. The broadacre farming enterprises 
have well organised farmer levy systems that support research and development but not emergency 
responses.  In the medium term, industry support for the program is channelled through this “traditional” 
arrangement and the national Grains Research and Development Corporation (GRDC) contributes close to 
5% of total annual expenditure.   

South Australian Initiatives 

The arrangements seemed settled until the Hon Peter Lewis, who represents the South Australian electorate 
containing most of the branched broomrape quarantine area, was left holding the balance of power in the 
South Australian parliament. His enthusiasm for the program resulted in an additional $2 m per year 
becoming available from the SA government.    

The State government is committed to support the program until 2012 and is scheduled to provide $8.5m 
over the next three financial years. These funds will continue to provide support to landholders for long-
term seed destruction, fumigation for short-term seed destruction and research into alternative fumigants 
and herbicides for control of the weed in uncommon crops.  

It is worth noting that there was considerable discretion to spend funds at the field operational level - i.e. at 
my level as manager of the program - during the initial response phase of the eradication program.  This 
now is a little reduced, but program staff are still responsible for generating the ideas and proposals for 
projects to further the aim of eradication. 

Enabling Legislation 

The enabling legislation is State legislation. Two Acts can be applied, the Natural Resource Management 
Act and the Fruit and Plant Protection Act, 1992.  The Fruit and Plant Protection Act, 1992 was chosen 
because it enables the establishment of a quarantine area in less than a day. This became necessary during 
surveys of weed populations in 1999.   

It is a fortunate accident of history that managers of the South Australian Department of Primary Industries 
knew the best Act to use and were flexible enough to apply it.  The APCC normally operates under the 
Natural Resource Management Act. 

Collaboration 

The need for close collaboration with three important groups – landholders and industry, the wider 
community and the research sector - was recognised in the first days of the program and remains essential 
to successful management and achievement of the eradication goal.  

Landholders are responsible for eradication measures on their properties in conjunction with the seed 
destruction works undertaken by the program. They are involved in the on-going operation of the program 
through the Community Focus Group. 

Industry and the wider community are represented through a Ministerial Advisory Committee that reports 
to the responsible State Government Minister.  

Research is essential.  In the beginning there was no advice for farmers about how to eliminate branched 
broomrape while continuing to farm. 

The Community Focus Group 

Local farmers and landholders are critical to the success of the program and a Community Focus Group 
open to all landholders and stakeholders in the quarantine area has operated since inception of the program.  

This is an independent group with an independent chairperson. Its role is to act as a sounding board for the 
program on all aspects of its field operations and to represent affected landholders. It is also able to reach 
the government Minister through the Ministerial Advisory Committee. 
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It is important to note that this group has real power.  For instance, they have influenced the nature of the 
grants system, designed to encourage farmers to contain and eradicate branched broomrape, that has 
potential annual expenditure of $1.6 m. 

After seven years of operation, maintaining interest in this group is becoming a challenge.  

The Ministerial Advisory Committee  

The Ministerial Advisory Committee provides input and responses to the Minister on policy issues and 
strategic directions. It brings local, interstate and international perspectives to the table, providing a wider 
view that balances the local interests the Community Focus Group.  Its membership is drawn from industry 
and the Community Focus Group. 

Membership of this committee is being revised to reflect the changing needs of the program as it matures.  

The Research Management Committee 

The Research Management Committee coordinates the branched broomrape research program and 
provides a forum for decision making about technical aspects of the program. 

It also provides the Executive Director and other members of the SA Department of Water, Land and 
Biodiversity Conservation with regular briefings about the program. 

This group includes managers from organisations with a stake in the program across Australia. 

The attached chart provides an insight into the convoluted nature of the program structure. 

Eradication - Defining Acceptable Risk 

At what point will we be able to claim success in eradication?   

It is not possible to prove something is not there, so an acceptable level of risk must be agreed nationally 
and internationally. 

Statisticians from the Commonwealth Scientific and Industrial Research Organisation (CSIRO) Centre for 
Mathematical and Information Sciences have undertaken a risk analysis to determine the level of 
confidence in repeated non-discovery of branched broomrape. 

Estimates indicate we can be confident of discovering branched broomrape at densities as low as one to 
five plants per hectare where it is randomly distributed.  However, this confidence is dependent on the 
distribution of branched broomrape and rapidly declines as branched broomrape becomes clumped.  

 

Community Acceptance  

A survey of 103 landholders in the quarantine area during November 2004 found that 36% of respondents 
were more positive towards the program in 2004 than they were in 2002, indicating a significant change in 
community attitude.  

Importantly, farmers are adopting control procedures as standard practice, especially in cropping systems. 

Program Structure  

The program comprises nine projects that accommodate a range of objectives focused on achieving  
eradication.  The budgets provide an indication of the scale of each project: 

• Discovery -  $320,000 

• Containment – $967,000 

• Eradication by seed destruction – Fumigation – $1,300,000    

• Eradication by attrition – Farming Systems – $1,200,000 

• Research – $200,000 plus GRDC $197,000 

• Social Adjustment –72,000 
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• Communication – $23,000 

• Project 8 – $72,000 

• Management - $235,000 

Total national funding for the first seven years to June 2005 was $12.4m. 

The aim of eradication is translated into a simple objective that is repeatedly reinforced in communication 
with landholders – “There will be no seed set each year.”   

With no addition to the seed bank, branched broomrape will disappear.  Managing hosts to prevent 
broomrape emergence will see seed numbers reduced by attrition. Fumigation destroys existing seed. 

The components of the program proposed for the next three years are:    

• Paddock surveys to audit the effectiveness of eradication methods and provide confidence for 
international and national markets. 

• Compliance measures to contain the weed to the areas of known occurrence. 

• Discovery surveys targeted using landform analysis to maintain confidence about knowledge of the 
weed's distribution. 

• Progress towards eradication by attrition through increasing voluntary adoption of effective 
strategies by landholders. 

• Progress towards eradication by seed bank destruction through a fumigation program. 

• Research on the weed’s ecology and techniques to improve the efficiency of the eradication 
program. 

• Communication and counselling services to support landowners in the quarantine area. 

• A focus on known infested paddocks to ensure progress to declared freedom from branched 
broomrape. 

 

Program Progress 

Discovery  

The known area of branched broomrape infestations is now 6,204 ha. The quarantine area is 191,379 ha.  
There are 522 infested paddocks with an area of 48,190 ha on 205 properties and 37 “roadside” 
infestations. 

Spring paddock surveys for branched broomrape are the best audit of progress towards eradication and 
provide a good indication of the program’s progress. 

All properties within the quarantine area have been surveyed five times and all properties within a 70 x 70 
km zone centred on the quarantine area at least once.  

Additional surveys on properties elsewhere in South Australia and Victoria with links to the quarantine 
area have revealed just one branched broomrape infestation - located 20 km from the quarantine area – in 
the past five years.  

This is important as it adds confidence to the claim that this is the only branched broomrape zone in 
Australia. 

Maintaining the quarantine area and protocols and conducting the annual discovery surveys are supported 
by national funding at an annual cost of around $1.4 m a year. The quarantine protocols provide a market 
accreditation system for all produce from the quarantine area. 

Eradication 

There are two indicators of progress: the large-scale history of infestations across the quarantine area and 
release of paddocks from quarantine.  
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Trend analysis indicates discovery of new infestations is slowing, with discoveries less than expected even 
after taking account of seasonal conditions. 

This indicates effective grower control of emergence and seed set.An independent analysis by Dr Dane 
Pannetta, Principal Scientist at the Alan Fletcher Research Station, Queensland, compared indicators of 
eradication for branched broomrape against the invasive bitter weed, Helenium amarum.  This analysis 
suggests the branched broomrape program compares favourably with the successful eradication program 
for bitter weed. 

Paddock Release From Quarantine 

The mechanism to release paddocks from quarantine requires 12 years’ freedom from branched broomrape 
seed set. The 12 year figure is based on our knowledge of the survival of branched broomrape seed in the 
mallee environment. 

The first paddock will be branched broomrape free in 2013. Those with infestations found during last 
spring will be able to be declared free in the year 2016, assuming no seed set in the interim.  

There are around 7,860 paddocks in the quarantine area. Most will never have branched broomrape. 

 

Containment 

The legislation that established the quarantine area also provides for the enforcement of containment and 
control measures. A set of protocols aimed at containing the weed are laid out in a “Code - Control of 
Branched Broomrape.”   

These protocols include a system that requires producers to obtain approval to move produce and 
machinery from infested paddocks and the quarantine area.  Since the year 2001 the number of approvals 
issued under the protocols has increased from 1,300 to 3,700 a year despite growers being encouraged to 
obtain long-term approval by entering into Compliance Agreements that effectively allow them to self-
regulate their compliance.  

The number of decontaminations of machinery in the quarantine area is steadily increasing and now 
averages around 18 wash downs per day.   

Eradication By Attrition 

A Farming Systems project aims to improve farmers’ management skills and profitability so they can 
absorb the demands of the program.  

Landholders are encouraged to develop farm plans that focus on strategies to eliminate branched 
broomrape using the latest technology relevant to their production systems.  

At 24 June 2005 there were up-to-date Branched Broomrape Farm Plans covering close to 131,000 ha or 
69% of the quarantine area. 

Landholders each receive a grant of $2.50 per hectare to assist with implementation of these plans.  

In addition, State funded grants cover part of the cost of herbicide application in infested paddocks.  There 
is increasing utilisation of these grants, indicating landholders are applying branched broomrape control 
strategies on-property. 

Eradication By Seed Destruction 

The fumigation project aims to destroy smaller infestations of branched broomrape around the perimeter of 
the quarantine area to assist landholders in their eradication efforts and to “wrap up” the quarantine area. A 
plan to achieve this was prepared during 2002 and is modified each year in light of any new discoveries. 

No failures of methyl bromide fumigation have been found but 19% of paddocks return a new infestation 
in the area not fumigated if the landholder does not maintain eradication management. To date 88 hectares 
have been fumigated. 

New large-scale equipment developed for Interceptor® – a pine oil based herbicide used as a soil drench - 
and Basamid® is being utilised with around 300 ha treated using this machinery in June 2005, plus around 
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8 ha treated with methyl bromide. The effectiveness of these treatments at the paddock scale is being 
assessed this year.  

Research  

The GRDC funded research undertaken by the Co-operative Research Centre for Australian Weed 
Management has provided important detail of the range of chemicals and crop combinations that can be 
used by farmers to deplete seed reserves.  This information is incorporated into the Farming Systems 
project and reaches farmers through the farm plan workshop series.  This research identified the pine oil 
product as a fumigant and is continually seeking herbicides for branched broomrape control in the 
extensive range of crops grown in the quarantine area that includes irrigation areas along the River Murray. 

It is necessary to find eradication solutions in uncommon crops, in specialist horticulture crops, in orchard 
situations and in native vegetation. 

In the next phase of the program, research funds will be directed towards achieving eradication in difficult 
situations such as in pasture.  

GRDC funded research into modelling for weed eradication is underway with the researcher, Dr Tracey 
Regan, based at the University of Queensland, developing process models based on branched broomrape. 

Testing for broomrape parasitism of native species and examination of dispersal mechanisms such as wind 
and animal fur continues. 

A smaller program is testing the efficacy of Nipro Quat and Eucalyptus oil on branched broomrape seed.  

Communications 

Communication has a vital role in achieving the eradication objective.  

The program has engaged a communication contractor, Jon Lamb Communications, to keep landholders, 
the local community and industry stakeholders, many of whom also  resource the program, to keep them 
abreast of the program, decisions taken and progress made.  

In the early days of the program one of the biggest challenges was to address community concerns about 
and divisions caused by the presence of branched broomrape on some properties in the local area.  

More recently communication has focused on conveying research outcomes and information about 
containment and eradication methods to landholders.  

Social 

Not all farmers are surviving the cost-price squeeze and branched broomrape control can be part of their 
burden. Stress is also a significant factor. The program funds an independent counsellor to provide support 
for those in the quarantine area who require it. 

Focus on eradication 

The program is bringing the factors needed for eradication into sharper focus in order to enable 
measurement of progress towards this goal. 

The focus on eradication has tightened as the program has matured, with control activity on all known 
infestations required of all landholders.  

This insistence on action can be enforced through use of legislative powers.  

Project 8 - Participate, Cooperate, Eliminate has been added to the eradication program to ensure control 
activity is maintained without the need to use regulatory force. 
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