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Article Info Summary

Article History Broomrapes (Orobanchaceae) are phanerogamic holoparasites that attack the roots of many

crops. They vary in host range, some parasitizing a broad range of crops, whereas others
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Revised 03-01-2011 are more specific. Broomrape seed germination occurs only in response to a chemical signal
Accepted 07-01-2011 from the host root and produces a haustorium which connects directly to the host phloem via

contact or transfer cells. The parasite competes successfully with the host sink organs for
water and nutrients due to a mechanism assuring a higher osmotic pressure compared with
the host plant. Several compatible and incompatible interactions between broomrapes and
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Fax +216 71 231509 their hosts have been described. The determination of the osmoregulation and nutritional
relationships between broomrapes and their hosts will provide a better understanding of the
Email host-parasite interaction. This can be made by histological, physiological and biochemical or

molecular methods which can also allow the development of new methods of control. This
review assembles and discusses latest works on the communication and connection
between broomrapes and their hosts with particular emphasis on incompatible interactions
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and osmotic and metabolic particularities of broomrapes in relation with their hosts.
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Geographic Distribution of Broomrapes and their Host
Range

The genus Orobanche has more than 150 species among
which only a few parasitize agronomic crops. The majority of
broomrapes are found in the warm and temperate parts of the
northern hemisphere, especially the Mediterranean region [1],
but some species have spread to many other parts of the
world. Phelipanche aegyptiaca (Pers.) Pomel (Synonym
Orobanche aegyptiaca) occurs mainly in southeastern Europe,
northeastern Africa, and the Middle East, whereas Phelipanche
ramosa (L.) Pomel (Synonym Orobanche ramosa), which is
closely related to P. aegyptiaca, is mostly found in the Middle
East. Orobanche cernua and Orobanche cumana are mainly
distributed in the Middle East, and southern and eastern
Europe [1]. Orobanche crenata is restricted to the
Mediterranean Basin and the Middle East [2]. Orobanche
foetida is widely distributed in natural habitats in the Western
Mediterranean Area including Portugal, Spain, Morocco,
Algeria and Tunisia, [3, 4]. Orobanche minor is disturbed in
habitats throughout the central and southern parts of Europe,
and extends to the eastern coast of Africa and southwards [1]
and has recently become a problem on red clover in Oregon,
USA[5].

Broomrapes vary in host range, some parasitizing a broad
range of crops, whereas others are more specific. P. ramosa L.
has the widest host range, parasitizing many solanaceous
crops such as potato, tobacco and tomato, members of
Brassicaceae, Leguminaceae, and several other families. P.
aegyptiaca has a host range similar to that of P. ramosa, and is
also parasitic on carrot, legumes such as common vetch, and
crucifers including oilseed rape [1]. In the Mediterranean Basin
and Middle East, O. crenata Forsk. is an important pest in faba
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bean, pea, lentil, vetches, grass pea and other grain and
forage legumes [2]. O. cumana Wallr. is extremely damaging to
sunflower, however O. cernua Loefl. is almost exclusively a
parasite of Solanaceae (tomato, tobacco, pepper and
eggplant) [1]. O. foetida parasitises wild herbaceous
leguminous plants [4], but recently it is considered as an
important agricultural parasite in faba bean in Beja region of
Tunisia [3, 6, 7]. It has recently also been found in Morocco
infecting common vetch [8]. This parasite presents a less
broad host range compared to O. crenata [9]. O. minor has a
wide host range among forage legumes in temperate climates
and it is of economic importance on clover [5]. For more
details, a recent review on the current status and the
agricultural damage of parasitic weeds is available [10].

Communication Between Broomrapes and their Hosts:
Growth and Development (Compatible Interaction)
Broomrapes are annuals that reproduce by seeds. Seeds
are usually dark brown, oval shaped, measure 0.35 x 0.25 mm
and weigh 3 to 6 g [1]. Broomrape seed germination occurs
only in response to a chemical signal from the host root. This
chemical communication is critical for the survival of the
parasite because it allows the tiny Orobanche seeds to
recognize the presence of a nearby suitable host prior to
germination, avoiding a suicidal germination. Numerous
secondary metabolites as inducers of parasite germination
mainly belonging to the strigolactones group of isoprenoid are
involved in this interaction [11]. These compounds and their
production are subject to intensive studies to find either
analogous chemicals to induce suicidal parasite germination or
genotypes with reduced induction levels [11]. The first
described Orobanche germination stimulant, orobanchol, was
isolated by [12] from red clover (Trifolium pratense) root
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exudates. However, 2'-epiorobanchol and solanacol were
characterized from root exudates of tobacco (Nicotiana
tabacum), a host of P. ramosa [13]. In addition, two novel
stimulants, sorgomol [14, 15] and a putative didehydro-
orobanchol (strigol) isomer [13, 16], were identified in the root
exudates of several Poaceae species and the Solanaceae
species N. tabacum and tomato (Solanum lycopersicum). More
recently, several Fabaceae plants were found to exude known
strigolactones, such as orobanchol, orobanchyl acetate
(alectrol), and 5-deoxystrigol, suggesting that these
strigolactones are widely distributed in Fabaceae [17]. More
detailed discussions on the structure, biological activity,
chemistry and regulation of production of strigolactones can be
found in other papers [18, 19, 20].

After germination, the seed produces a ‘germ tube’ or
radicle which elongates by cell division and extension [1], and
attaches to host roots mainly in the region of root elongation
and absorption [21]. The tip of the radicle enlarges as soon as
it attaches to the host root and forms a ‘haustorium’.
Subsequently, the haustorial tissue penetrates the host root by
enzymatic degradation, rather than mechanical destruction
[22], and establishes connections with the host vascular
system. It is by these connections that the parasite derives its
nutrients and water from the host. The part of the broomrape
seedling outside the root of the host swells to form a tubercle.
Under favorable conditions, a shoot bud develops on the
tubercle producing a flowering spike which elongates, and
emerges above the soil [1].

Orobanche-Hosts Interfaces

During the early stages of penetration, the parasitic plant
releases enzymes that allow penetration of intrusive cells
between host cells [23] and an adhesive substance that
facilitates internal anchoring of the parasite to host cell walls
[24]. Several studies described close association of orobanche
haustorium with vascular host roots [25, 26]. Direct
connections between haustorial tissue and the host xylem
were observed [25, 27, 28]. However, for the connection
between the host phloem tissue and the haustorial cells,
contact cells have been reported [29]. These cells probably
absorb nutrients from the sieve cells via the sieve areas and
transport the nutrients to the parasite. Dorr and Kollman [30]
have reported interspecific sieve pores derived from
interspecific plasmodesmata at the point where broomrape and
the host cells differentiate into sieve elements. Transfer cells
linking the phloem of host and parasite have also been
reported [31]. Several studies described the presence of xylem
and phloem in broomrape haustorial tissues [30, 31].

On the other hand, the high K/Ca ratios registered in O.
feotida parasitizing faba bean [32], P. ramosa parasitizing
tobacco [33] and O. cernua parasitizing tobacco [34], attest
that these parasites are connected essentially to the host root
phloem. Indeed, the degree of broomrape dependence on host
phloem is regulated by the occurrence of symplasmic
connections through plasmodesmata between host and
parasite phloem tissues [30, 31]. Recently, the pathosystem
faba bean-O. foetida showed that some RFO (Raffinose Family
Oligosaccharide) compounds were transferred from the host to
the parasite. Given that RFO loading and unloading in plants
consists of transport through plasmodesmata [35], symplasmic
phloem connections between faba bean and O. foetida can be
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expected [32]. On the other hand, the absence or low activity
of nitrogen assimilating enzymes in broomrape [36] may
indicate that the parasite must have access to organic nitrogen
forms from the host plant.

Osmotic and Metabolic Particularities of Broomrapes in
Relation with their Hosts

The parasite competes successfully with the host sink
organs for water and nutrients due to a mechanism assuring a
higher osmotic pressure compared with the host plant [37, 38].
The sink strength of the parasite is based mainly on the
immediate cleavage of the host-derived sucrose into glucose
and fructose mediated by a putative invertase, thus doubling
the osmotic value of the sugar component. In this way, the
resistance of some faba bean cultivars was explained by their
higher osmotic values compared to susceptible cultivars [37,
38], and then lowering the magnitude in osmolarity between
host and parasite. Several studies have emphasized the
primary role of hexoses and mannitol in the osmotic
adjustment of Orobanche [1, 39]. In addition, excess carbon is
massively incorporated into starch [32, 38]. Nevertheless, the
mechanisms involved in the osmotic adjustment of broomrapes
needs clarification.

Determination of the organic solutes profiles of
broomrapes and their hosts will provide a better understanding
of the biochemistry and physiology of the host-parasite
interaction. Hibberd et al. [34] showed that more than 99% of
carbon taken up by the parasite O. cernua comes from the
phloem of tobacco. This carbon transfer occurs primarily in the
form of sucrose in the broad bean-O. crenata system [40], and
in the form of sucrose and Stachyose (ROF) in the faba bean-
0. foetida system [32, 38]. Thus, Aber et al. [40] demonstrated
translocation of organic substances, particularly sucrose, to O.
crenata tubercles from 1“CO; fixation by broad bean plants. It
has also been shown that "“C-labeled photoassimilates
accumulated in O. ramosa after fixation of “CO. by tomato
plants [27]. In addition, in the Helianthus-Orobanche cumana
system, when aerial parts of sunflower were subjected to
14CO2, radioactivity was detected in the parasite [25]. In the
parasite, carbon is accumulated in the form of mannitol and
starch and mainly hexoses, [32, 38, 39] suggesting the
implication of an invertase enzyme which was recently
measured in O. foetida and which looks related to the degree
of susceptibility of the host genotype [32].

On the other hand, for nitrogen metabolism of
broomrapes, several studies indicated that absence or low
activity of nitrogen assimilating enzymes in broomrape [36]
may indicate that the parasite must have access to organic
nitrogen forms from the host plant. There are only few studies
on the effect of broomrapes on the composition of host amino
acids. O. aegyptiaca had similar amino acid profiles than its
host, but parasitism induced changes in the composition of
both free and bound amino acids in carrot [41]. In this
pathosystem, Arginine was the major amino acid in both host
and parasite. In contrast, N metabolism in O. foetida
parasitizing faba bean consisted mainly of the accumulation of
Asparagine/Aspartate [32, 38]. Thus, a model for the
implication of Asparagines synthetase and Glutamine
oxaloacetate aminotransferase enzymes was proposed in O.
foetida [38]. O. foetida did not influence significantly the
phloem composition in a susceptible faba bean. In contrast, it



Zouhaier Abbes et al./J. Phytol. 2011, 3(1): 68-72

induced a marked decrease in the levels of all the amino acids
in the phloem exudates of a resistant one, without affecting
significantly the carbohydrate and organic acid levels. On the
other hand, the parasite O. cernua exerted a large impact on
the nitrogen relations of the host tobacco, notably nitrate
uptake was stimulated and the amino acid content of xylem
sap was lower. The major amino acid detected in both host
and parasite was Glutamine [34].

Incompatible Interactions: Host Plant
Resistance/Tolerance

Once the parasite has germinated or penetrated to host
tissues; the host can detect the presence of this foreign
organism and reacts to it. This was found to apply also in
compatible interactions [42, 43].

Several studies indicated incompatible interactions
between orobanche and their hosts. These incompatible
interactions are characterized by the lignification of host root
[1, 44], the induction of toxic phytoalexins in host tissues [1, 45]
and the development of necrotic lesions on the host root
encompassing the attachments of the parasite radical like in
the Vetch-P. aegyptiaca system [46]. Necrosis is also an
incompatible interaction described for many legumes, including
common vetch, faba bean, pea, chickpea and lentil against O.
crenata [26, 47, 48, 49, 50], sunflower against O. cernua and
0. cumana [25, 44] and Vicia against P. aegyptiaca [46]. Cell
wall deposition, vessel occlusion and broomrape cellular
disorganization were also demonstrated in incompatible
interaction between sunflower and O. cernua [25].

At the biochemical level, incompatibility between host and
parasite tissue has been correlated with an increase in the
level of phenolics and peroxidase activity and the accumulation
of substances inside host xylem vessels in several
pathosystems, including purple vetch-O. aegyptiaca L. [46],
sunflower-O. cumana Wallr. [45], faba bean, chickpea, vetch
and lentil-O. crenata [26, 37, 49, 50, 51]. Broomrape infection
induced also an induction of H.02 and camalexin synthesis in
the A. thaliana-O. ramosa system [43] and the activation of the
phenylpropanoid and isoprenoid pathways in the host in the
Arabidopsis thaliana-P. ramosa system [42] and tobacco-P.
aegyptiaca system [52].

The retarded development of established tubercles in
some genotypes was observed in several pathosystems [49,
53]. In the case of the faba bean-O. foetida system, the limited
growth of broomrape fixed on the resistant genotype was due
to low soluble invertase activity, low osmotic potential of the
infected roots and low organic nitrogen level in the host phloem
sap [32].

Some other incompatible interactions are showed before
connection between host and parasite. Thus, a reduction in
root biomass or a deeper host root system can reduce the
chance of contact between the host and the parasite. This form
of escape has been reported as a resistance mechanism
operating in faba bean [47, 54], chickpea [48], pea [49] and
lentil [55] against O. crenata. Genotypes with low stimulation of
broomrape germination have been found in vetch, pea,
chickpea, grass pea [48, 49, 53, 56] against O. crenata, faba
bean against O. feotida and O. crenata [54, 57, 58] and
sunflower against O. cernua [25]. The differences in
germination of broomrape seeds between genotypes could be
due to differences in the amount of germination stimulants
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exudated, differences in production of inhibitors or a
combination of both. This difference can also be due to
differences in the receptors for the germination stimulants in
the parasites between Orobanche species.

Conclusion

Broomrapes are serious parasitic weeds causing great
losses in many major crops. Various cultural and chemical
strategies have been assayed to control broomrapes but
without sufficient success. The wuse of histological,
physiological and biochemical methods contributed to the
better understanding of the interaction and the parasite
biology. These methods may also allow the comprehension of
causes of incompatible interactions and the development of
new methods of control. To date, the molecular bases of the
plant—parasitic plant interaction remain mostly unknown, and
much work in this approach remains to be done.

References

[1] Parker, C. and C. R. Riches. 1993. Parasitic Weeds of the
World: Biology and Control, CAB International,
Wallingford UK.

Rubiales, D., A. Pérez-de-Luque, M. Fernandez-Aparicio,
J. C. Sillero, B. Roman, M. Kharrat, S. Khalil, D. M. Joel
and C. Riches. 2006. Screening techniques and sources
of resistance against parasitic weeds in grain legumes.
Euphytica 147: 187-199.

Kharrat, M., M. H. Halila, K. H. Linke and T. Haddar.
1992. First report of Orobanche foetida Poiret on faba
bean in Tunisia. FABIS Newslet. 30: 46-47.

Pujadas Salva, A. J. 1999. Species of the family
Orobanchaceae parasitic of cultivated plants and its
relative growing on wild plant, in the south of the Iberian
peninsula. In: Resistance to Orobanche: the State of the
Art. Congressos y jornadas, pp. 187-193.

Eizenberg, H., J. Qolquhoun and C. A. Malory-Smith.
2004. The relationship between temperature and small
broomrape (O. minor) parasitism in red clover (Trifolium
pratense). Weed Sci. 52: 735-741.

Abbes, Z, M. Kharrat, P. Delavault, P. Simier and W.
Chaibi. 2007a. Field evaluation of the resistance of some
faba bean (Vicia faba L.) genotypes to the parasitic weed
Orobanche foetida Poiret. Crop Prot. 26:1777-1784.
Abbes, Z., M. Kharrat, K. Shabaan and B. Bayaa. 2010.
Comportement de différentes accessions améliorées de
féverole (Vicia faba L.) vis-a-vis d’Orobanche crenata
Forsk. et Orobanche foetida Poiret. Cah. Agr. 19: 194-
199.

Rubiales, D., M. Sadiki and B. Roman. 2005. First Report
of Orobanche foetida on Common Vetch (Vicia sativa) in
Morocco. Plant Dis. 89: 528.

Abbes, Z., M. Kharrat and W. Chaibi. 2008. Seed
germination and tubercle development of Orobanche
foetida and Orobanche crenata in presence of different
plant species. Tun. J. Plant Prot. 3: 101-109.

Parker, C. 2009. Observations on the current status of
Orobanche and Striga problems worldwide. Pest Manag.
Sci. 65: 453-459.

Bouwmeester, H. J., R. Matusova, Z. K. Sun and M. H.
Beale. 2003. Secondary metabolite signalling in host—

[2]

3]

[4]

5]

[6]

7]

(8]

9]

[10]

[11]



Zouhaier Abbes et al./J. Phytol. 2011, 3(1): 68-72

[12]

[13]

[14]

[19]

[16]

(171

(18]

[19]

20]

(1]

[22]

(23]

parasitic plant interactions. Curr. Opin. Plant Biol. 6: 358-
364.

Yokota, T., H. Sakai, K. Okuno, K. Yoneyama and Y.
Takeuchi. 1988. Alectrol and orobanchol, germination
stimulants for Orobanche minor, from its host red clover.
Phytochemistry 49: 1967-1973.

Xie, X., D. Kusumoto, Y. Takeuchi, K. Yoneyama, Y.
Yamada and K. Yoneyama. 2007. 2'-Epi-orobanchol and
solanacol, two unique strigolactones, germination
stimulants for root parasitic weeds, produced by tobacco.
J. Agric. Food Chem. 55: 8067-8072.

Awad, A. A, D. Sato, D. Kusumoto, H. Kamioka, Y.
Takeuchi and K. Yoneyama. 2006. Characterization of
strigolactones, germination stimulants for the root
parasitic plants Striga and Orobanche, produced by
maize, millet and sorghum. Plant Growth Regul. 48: 221-
227.

Xie, X., K. Yoneyama, D. Kusumoto, Y. Yamada, Y.
Takeuchi, Y. Sugimoto and K. Yoneyama. 2008.
Sorgomol, germination stimulant for root parasitic plants,
produced by Sorghum bicolor. Tetrahedron Letters 49:
2066-2068.

Sato, D., A. A. Awad, S. H. Chae, T. Yokota, Y. Sugimoto,
Y. Takeuchi, K. Yoneyama. 2003. Analysis of
strigolactones, germination stimulants for Striga and
Orobanche, by high-performance liquid
chromatography/tandem mass spectrometry. J. Agric.
Food Chem. 51: 1162-1168.

Yoneyama, K., X. Xie, H. Sekimoto, Y. Takeuchi, S.
Ogasawara, K. Akiyama, H. Hayashi and K. Yoneyama.
2008. Strigolactones, host recognition signals for root
parasitic plants and arbuscular mycorrhizal fungi, from
Fabaceae plants. New Phytol. 179: 484-494.

Yoneyama, K., X. Xie, K. Yoneyama and Y. Takeuchi.
2009. Strigolactones: structures and biological activities.
Pest Manag. Sci. 65: 467-470.

Lopez-Raez, J. A., R. Matusova, C. Cardoso, M. Jamil, T.
Charnikhova, W. Kohlen, C. Ruyter-Spira, F. Verstappen
and H. Bouwmeester. 2009. Strigolactones: ecological
significance and use as a target for parasitic plant control.
Pest Manag. Sci. 65: 471-477.

Zwanenburg, B., A. S. Mwakaboko, A. Reizelman, G.
Anilkumar and D. Sethumadhavan. 2009. Structure and
function of natural and synthetic signallingmolecules in
parasitic weed germination. Pest Manag. Sci. 65: 478-
491. [21] Foy, C. L., R. Jain and R. Jacobsohn. 1989.
Recent approaches for chemical control of broomrape
(Orobanche spp.). Rev. Weed Sci. 4: 123-52.

Dorr, I. and R. Kollmann. 1974. Structural features of
parasitism of Orobanche. |. Growth of the haustorial cells
within the host tissue. Protoplasma 80: 245-249.
Losner-Goshen, D., V. H. Portnoy, A. M. Mayer and D. M.
Joel. 1998. Pectolytic activity by the haustorium of the
parasitic plant Orobanche L. in host roots. Ann. Bot. 81:
319-326.

Joel, D. M., D. Losner-Goshen, J. Hershenhorn, Y.
Goldwasser and M. Assayag. 1996. The haustorium and
its development in compatible and resistant host. In:
Moreno, M. T., J. |. Cubero, D. Berner, D. Joel, L. J.
Musselman and C. Parker (Eds.), Advances in parasitic

71

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

plant research. Proceedings of the 6th International
Symposium on Parasitic Weeds. Sevilla: Junta de
Andalucia, Consejeria de Agricultura y Pesca, pp. 531-
541,

Labrousse, P., M. C. Arnaud, H. Serieys, A. Bervillé and
P. Thalouarn. 2001. Several mechanisms are involved in
resistance of Helianthus to Orobanche cumana Wallr.
Ann. Bot. 88: 859-868.

Fernandez-Aparicio, M., J. C. Sillero, A. Perez-De-Luque
and D. Rubiales. 2008. Identification of sources of
resistance to crenate broomrape (Orobanche crenata) in
Spanish lentil (Lens culinaris) germplasm. Weed Res. 48:
85-94.

Saghir, A. R, C. L. Foy, K. M. Hameed, C. R. Drake and
S. A. Tolin. 1973. Studies on the biology and control of
Orobanche ramosa L. Proc. Eur. Weed Res. Counc.
Symp. Parasitic Weeds. Malta, pp. 106-116.

Dorr, I. and R. Kollmann. 1976. Structural features of
parasitism of Orobanche. Ill. The differentiation of xylem
connection of O. crenata. Protoplasma 89: 235-239.

Dorr, I. and R. Kollmann. 1975. Structural features of
parasitism of Orobanche. Il. The differentiation of
assimilate conducting elements within the haustorium.
Protoplasma 83:185-199.

Dorr, I. and R. Kollman. 1995. Symplasmic sieve element
continuity between Orobanche and its host. Bot. Acta 108:
47-55.

Dorr, 1. 1996. New results on interspecific bridges
between parasites and their hosts. In: Moreno, M. T, J. .
Cubero, D. Berner, D. Joel, L. J. Musselman and C.
Parker (Eds.), Advances in Parasitic Plant Research,
Proceedings of the sixth International Symposium on
Parasitic Weeds, Cordoba, pp. 196-201.

Abbes, Z., M. Kharrat, P. Delavault, W. Chaibi and P.
Simier. 2009a. Nitrogen and carbon relationships between
the parasitic weed Orobanche foetida and susceptible and
tolerant faba bean lines. Plant Physiol. Biochem. 47:153-
159.

Fer, A.,, F. De Bock, S. Renaudin, L. Rey and P.
Thalouarn.  1987. Relations trophiques entre les
angiospermes parasites et leurs hotes respectifs, Il-Voies
de transport et mécanismes impliqués dans le transfert
des substances trophiques a linterface hote-parasite,
Bull. Soc. Bot. Fr. 134: 109120.

Hibberd, J. M., W. P. Quick, M. C. Press, J. D. Scholes
and W. D. Jescke. 1999. Solute fluxes from tobacco to the
parasitic angiosperm Orobanche cernua and the influence
of infection on host carbon and nitrogen relations, Plant
Cell Environ. 22; 937-947.

Turgeon, R. and R. Medville. 2004. Phloem loading. A
reevaluation of the relationship between plasmodesmatal
frequencies and loading strategies, Plant Physiol. 136:
3795-3803.

Press, M. C. 1995. Carbon and nitrogen relations. In:
Press MC, Graves JD, eds. Parasitic Plants, Chapman
and Hall, London, pp. 103-124.

Wegmann, K., E. Von Elert, H. J. Harloff and M. Stadler.
1991. Tolerance and resistance to Orobanche. In:
Wegmann, K. and L. J. Musselman (Eds.), Progress in
Orobanche Research, Proceedings of the International



Zouhaier Abbes et al./J. Phytol. 2011, 3(1): 68-72

[37]

(38]

(39]

[40]

[41]

[42]

(43]

(44]

[49]

[46]

Workshop on Orobanche Research, Obermarchtal, pp.
318-321.

Abbes, Z, M. Kharrat, P. Delavault, W. Chaibi and P.
Simier.  2009b.  Osmoregulation and  nutritional
relationships between Orobanche foetida and faba bean.
Plant Sign. Beh. 4: 336-338.

Delavault, P., P. Simier, S. Thoiron, C. Véronési, A. Fer
and P. Thalouarn. 2002. Isolation of mannose 6-
phosphate reductase cDNA, changes in enzyme activity
and mannitol content in broomrape (Orobanche ramosa)
parasitic on tomato roots. Plant Physiol. 115: 48-55.

Aber, M., A. Fer and G. Sallé. 1983. Transfer of organic
substances from the host plant Vicia faba to the parasite
Orobanche crenata Forsk. Z. Planzenphysiol. 112: 297-
308.

Nandula, V. K., J. G. Foster and C. L. Foy. 2000. Impact
of Egyptian broomrape (Orobanche aegyptiaca Pers.) -
Parasitism on amino acid composition of carrot (Daucus
carota L.), J. Agric. Food Chem. 48: 3930-3934.

Dos Santos, C. V., P. Letousey, P. Delavault and P.
Thalouarn. 2003. Defense gene expression analysis of
Arabidopsis thaliana parasitized by Orobanche ramosa.
Phytopathology 93:451-457.

El-Maarouf-Bouteau, H., E. Moreau, R. Errakhi and G.
Sallé. 2008. A diffusible signal from germinating
Orobanche ramosa elicits early defense responses in
suspension-cultured Arabidopsis thaliana. Plant Sign.
Beh. 3: 189-193.

Dorr, |, A. Staack and R. Kollmann. 1994. Resistance of
Helianthus to Orobanche: histological and cytological
studies. In: Pieterse, A. H., J. A. C. Verkleij, and S. J. Ter
Borg (Eds.), Biology and management of Orobanche.
Proceedings of the third international workshop on
Orobanche and related Striga research. Amsterdam, The
Netherlands: Royal Tropical Institute, pp. 276-289.
Serghini, K., A. Pérez-De-Luque, M. Castejon-Munoz, L.
Garcia-Torres and J. V. Jorrin. 2001. Sunflower
(Helianthus  annuus L.) response to broomrape
(Orobanche cernua Loefl.) parasitism: induced synthesis
and excretion of 7-hydroxylated simple coumarins. J. Exp.
Bot. 52: 2227-2234.

Goldwasser, Y., J. Hershenhorn, D. Plakhine, Y. Kleifeld
and B. Rubin. 1999. Biochemical factors involved in vetch
resistance to Orobanche aegyptiaca. Physiol. Mol. Plant
Path. 54: 87-96.

Ter Borg, S. J. 1999. Broomrape resistance in faba bean:
what do we know? In: Cubero, J. I., M. T. Moreno, D.
Rubiales and J. C. Sillero (Eds.), Resistance to

72

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[59]

[56]

[57]

broomrape, the state of the art. Junta de Andalucia,
Spain, pp. 25-41.

Rubiales, D., A. Pérez-de-Luque, D. M. Joel, C. Alcantara
and J. C. Sillero. 2003a. Characterization of resistance in
chickpea to crenate broomrape (Orobanche crenata).
Weed Sci. 51: 702-707.

Pérez-de-Luque, A., J. Jorrin, J. |. Cubero and D.
Rubiales. 2005a. Resistance and avoidance against
Orobanche crenata in pea (Pisum spp.) operate at
different developmental stages of the parasite. Weed Res.
45: 379-387.

Pérez-de-Luque, A., D. Rubiales, J. I. Cubero, M. C.
Press, J. Scholes, K. Yoneyama, Y. Takeuchi, D.
Plakhine and D. M. Joel. 2005b. Interaction between
Orobanche crenata and its host legumes: Unsuccessful
haustorial penetration and necrosis of the developing
parasite. Ann. Bot. 95: 935-942.

Pérez-de-Luque, A., C. |. Gonzalez-Verdejo, M. D.
Lozano, M. A. Dita, J. I. Cubero, P. Gonzalez-Melendi, M.
C. Risueno and D. Rubiales. 2006. Protein cross-linking,
peroxidase and f-1,3-endoglucanase involved in
resistance of pea against Orobanche crenata. J. Exp. Bot.
57: 1461-1469.

Griffitts, A. A., C. L. Cramer and J. H. Westwood. 2004.
Host gene expression in response to Egyptian broomrape
(Orobanche aegyptiaca). Weed Sci. 52: 697-703.

Sillero, J. C., M. T. Moreno and D. Rubiales. 2005.
Sources of resistance to crenate broomrape in Vicia
species. Plant Dis. 89: 22-27.

Abbes, Z., M. Kharrat, P. Simier and W. Chaibi. 2007b.
Characterisation of resistance to crenate broomrape
(Orobanche crenata) in a new small seeded line of
Tunisian faba beans, Phytoprotection 88: 83-92.
Sauerborn, J., M. C. Saxena, K. H. Masri and K. H. Linke.
1987. Control of Orobanche spp. with Scepter herbicide.
FABIS Newsl. 19: 14-17.

Rubiales, D., C. Alcantara, A. Pérez-de-Luque, J. Gil and
J.C. Sillero. 2003b. Infection of chickpea (Cicer arietinum)
by crenate broomrape (Orobanche crenata) as influenced
by sowing date and weather conditions. Agronomie 23:
359-362.

Abbes, Z., M. Kharrat and W. Chaibi. 2006. Study of the
interaction between Orobanche foetida and faba bean at
root level. Tun. J. Plant Prot. 1; 55-64.

Abbes, Z., M. Kharrat, J. B. Pouvreau, P. Delavault, W.
Chaibi and P. Simier. 2010. The dynamics of faba bean
(Vicia faba L.) parasitsm by Orobanche foetida.
Phytopath. Mediterr. 49: 239-248.



