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Abstract

In recent years, there has been a considerable increase in land area used for tomato 
(Lycopersicon esculentum Mill.) in many countries around the world. The essential role 
is played by Italy at a worldwide level as the country with the third biggest produc-
tion of tomatoes for processing. Phelipanche ramosa (L) Pomel, commonly known as 
branched broomrape, is a root holoparasitic weed for many crops, particularly for the 
processing tomato. Due to its physical and metabolic overlap with the crop, its under-
ground parasitism, and hardly destructible seed bank, the control of this parasite in 
the field is difficult. Results of research studies, many of them on environmental-
friendly methods such as preventive, agronomic, and biological carried out in south-
ern Italy, are discussed and summarized. The results can constitute a relevant basis for 
further experimental studies.

Keywords: orobanche, Phelipanche ramosa, control methods, processing tomato crop, 
cultural practices

1. Introduction

Tomato (Lycopersicon esculentum Mill.) is the vegetable crop with the highest demand 
and the greatest economic value in the world. Tomato trade and production have 
particular importance in tropical, subtropical, and mild regions of the world, for both 
fresh and processing markets [1]. In recent years, there has been a considerable increase 
in the world land area used for tomato production. The essential role is played by Italy 
at a worldwide level as the country with the third biggest production of tomatoes for 
processing after the United States and China. The 2021 tomato processing campaign in 
Italy closed with a production of just over 6 million tons of processed product, up 17% 
compared with 2020. Italy’s production is 13% of the world’s and 53% of Europe [2].

In Italy, as in other areas of the world [3, 4], and especially in the Mediterranean 
basin, the tomato crop and other species (broccoli, fennel, parsley, celery, and 
chamomile) are undergoing increased attack of a holoparasitic plant with obligate 
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root belonging to the Orobanchaceae family, the Phelipanche ramosa (L.) Pomel (syn. 
Orobanche ramosa L.), commonly known as the branched broomrape. Tomato is 
highly vulnerable also to similar species, as the Phelipanche aegyptiaca Pomel (syn. O. 
aegyptiaca) and O. cernua Loefl., which are known to cause damage and yield reduc-
tions in this crop [5]. The broomrape seeds only germinate in response to specific 
chemicals (strigolactones) released by the host plant, and the plant spends most of its 
life cycle underground (Figure 1) [7, 8].

Following germination, the seedlings attach to the host roots by the production 
haustoria that penetrate the host tissues until they reach the vascular system for 
uptake of water and nutrients, assimilate, and grow at the expense of the host plant’s 
resources [5]. P. ramosa attacks tomato roots early in the growing season, within 
14–28 days after transplanting (DAT), depending on the temperature conditions, 
and the shoot usually emerges within 35–56 DAT [9]. Once connected to a host plant, 
broomrape grows rapidly, forming a tubercle (a storage organ for nutrients and water 
extracted from the host) underground. Multiple shoots (up to about 20) develop from 
the tubercle and emerge above the soil surface, and then grow to stalks from 15 cm to 
30 cm in height (Figures 2 and 3). Flowering begins within 3–7 days after a broom-
rape shoot emerges above the soil surface. A mature broomrape plant can release more 
than 500,000 seeds (from 0.2 to 0.4 mm), which can remain dormant and viable for 
many years (> 20) in soil [5]. The number of emerged shoots per surface unit, and/or 
number and dry weight of parasitic plants per host plant, can be used as indicator to 
monitor Phelipanche infestation [10].

The air and soil temperature are the main factors that influence the dynamic of host/
parasite interaction and development. Moreover, the optimum temperature for maximum 
germination of Orobanche seeds decreases as the level of their water stress increased [11].

Figure 1. 
A summarized life cycle of a branched broomrape (from Osipitan et al., 2021) [6].
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The presence of the parasite causes a significant reduction in the photosynthetic 
capacity of tomatoes, as shown by the higher SPAD chlorophyll indices detected on 
the leaves of infested tomato crop compared with the non-infected one (Figure 4). 

Figure 2. 
Branched P. ramosa plant (F. Lops).

Figure 3. 
P. ramosa infestation in tomato (F. Lops).
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This generates a loss of biomass of their aerial organs [13] and a significant decrease 
in crop yield (Figure 5), mesocarp thickness, fruit color, compactness, content of 
soluble solids, of ashes, and of ascorbic acid [15].

2. Management of P. ramosa in the field

Effective control of P. ramosa is difficult because, as already mentioned, most of 
its life cycle occurs below the soil surface. Thus, the effective management of this 
parasitic weed will require a long-term and an integrated approach. Measures to 

Figure 4. 
Average SPAD values ± SD of parasitized and non-parasitized tomato plants, measured at 53 days after 
transplanting. Different letters indicate significant differences at P <0.05 according to Tukey’s test [12].

Figure 5. 
Relationship between tomato marketable yield and number of emerged branch shoots of P. ramosa detected at the 
end of tomato cycle (harvesting time) [14].
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successfully contain the problems due to P. ramosa need to be targeted at: i) reduction 
of the existing P. ramosa seed bank in the soil; ii) prevention of further seed produc-
tion; and iii) prevention of seed dissemination. These objectives are mutually depen-
dent. Practices to control this parasite include several methods (preventive, chemical, 
agronomic, and biological), which help to avoid germination, infection, or strong 
reproduction of the weed [16, 17].

2.1 Prevention methods

Preventing the movement of parasitic weed from infested into un-infested areas or 
its spread in recently infested fields is a crucial component of control. Principal mea-
sures are to remove the Orobanche prior to flower opening; the quarantine for a period 
of at least 2 years, and in subsequent years only rotational crops may be cultivated 
(e.g., in California, these crops are those approved by the local agricultural commis-
sioner); clean and disinfect all equipment used in a field with broomrape infestation 
[6, 17]. As for seed eradication on farm equipment, quaternary ammonium com-
pounds have been found effective in Phelipanche and Orobanche spp. [18].

2.2 Chemical methods

Herbicides that currently are in use for parasitic weed broomrape control in vari-
ous crops are sulfonylurea and imidazolinones. Sulfonylurea herbicides are absorbed 
through the host plant foliage and roots with rapid acropetal and basipetal transloca-
tion. Imidazolinone herbicides are absorbed and translocated through the host to the 
meristematic tissues. The most successful method to the parasite control in processing 
tomato is to apply sulfonylurea herbicides, on foliage and by injection through the 
drip irrigation system in preplanting, or post-emergence, or post-planting [19]. Soil 
herbigation (saturating the soil with sulfonylureas) effectively controls pre-attached 
stages of broomrapes [20], but this is hardly compatible with other agricultural crop-
ping practices, as detrimental for many crop seedlings for several weeks or months. 
Applying sulfosulfuron to the soil three times, at 200, 400, and 600 growing degree 
days, followed by two applications of imazapic to the tomato foliage late in the season, 
effective Egyptian broomrape control has been achieved [21, 22]. In the conditions of 
southern Italy, the best parasite control and tomato yield performances were obtained 
with sulfonylureas (rimsulfuron and chlorsulfuron) applied through drip irrigation in 
pretransplant at 25.0 and 5.0 g a.i. ha−1, and in post-transplant at 75.0 and 15.0 g a.i. 
ha−1, respectively [23].

2.3 Agronomic methods

In order to integrate the use of chemical methods, there has been an increased 
effort to research suitable methods (fertilization, soil solarization, long-term rota-
tion, soil management, sowing, or transplanting date) for the control of this parasitic 
weed, even because there is an increasing market for organically grown tomatoes, 
where the use of chemical pesticides is not an option [24].

2.3.1 Fertilization

Broomrape infestations occur mainly in soils poor nitrogen (0.2 and 1.8 ‰) and 
organic matter (1–2%) such as many soils of southern Italy [25], where the Italian 
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research studies related in this chapter were carried out. Also, phosphate in deficient 
soil showed a suppressive effect of P. ramosa parasitism [26]. Therefore, soil fertility 
management can contribute to the management of this parasite. Phosphorous and 
nitrogen have been described to downregulate strigolactones exudation in some crop 
species [27–29].

Direct contact with fertilizer, such as urea and ammonium, may be toxic to broom-
rape, inhibiting seed germination and seedling growth [30]. Urea fertilizer, due to 
hydrolysis in soil, produces ammonium ion, which probably exerts the toxic effect on 
the parasite [31].

Nitrogen fertilizer (80 kg ha−1 N) or sulfur (8 t ha−1 S) applied prior to the 
tomato seedling transplant showed a suppressive effect on the seed germination 
of Phelipanche [32]. Also, the mixtures of chicken manure and sulfur significantly 
reduced the dry weight of Orobanche and increased eggplant and potato yield com-
pared with the control [33].

Organic compounds are widely used in cropping systems to increase soil organic 
matter, structural stability, water holding and cation exchange capacities, and as a 
source of nutrients [34].

Recently, in the olive production and/or processing areas, as those of southern Italy, 
the use of oil mill wastewater (OMW) has been proposed as a suitable method for the 
containment of P. ramosa. In this regard, several trials dealing with the OMW distributed 
on the heavy infested soils at the dose of 80 m3 ha−1, 40 days prior to tomato seedling 
transplant (Figure 6), and incorporated into the soil later, revealed a significant reduc-
tion (between 34 and 76%) of emerged P. ramosa plants with respect to the untreated 
control (Figure 7), limiting the additional seed production of this parasite [35]. This 
could be due to the organic and mineral compounds, as nitrogen, phosphorus, and 
potassium contained in the OMW, which could improve the nutrient status of the tomato 
plants in addition to the effects of phenols present in the OMW that could produce a 
reduction of P. ramosa seed germination [36–38]. Therefore, the tomato marketable yield 
showed a significantly higher value in the OMW treatment than the untreated control. 
No significant differences for the fruit qualitative characteristics were observed [35].

Figure 6. 
Mechanical distribution of OMW on the soil (F. Lops).
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Furthermore, in recent years, the use of organic fertilizers or “plant biostimulant” 
compounds has encountered increasing interest in agriculture because they play roles 
in various soil and plant functions [39]. Some of these compounds of natural origin, 
such as natural amino acids, were also suggested for use in P. ramosa management 
strategies being able to inhibit seed germination [40, 41]. Experimental results in 
Italy indicated that using the commercial product “Radicon®” (a suspension-solution 
containing humic substances), at the time of transplanting (immersing the root of the 
seedlings in a 1.5% solution), and incorporating it into the soil in the first 3 irrigation 
interventions, produced a reductions of 68.1% of emerged shoots in comparison with 
the untreated control. These substances introduced into the soil rhizosphere can cause 
severe physiological disorders of the germinating P. ramosa seeds, thus reducing the 
number of developing tubercles of the parasite [42].

2.3.2 Soil solarization

Solarization is used in many warm climate countries, as pre-tomato planting 
treatment. Its consists of heating the soil through sun energy achieving temperatures 
above 45°C, by covering a wet soil with transparent polyethylene sheets for a period of 
4–8 weeks during the warmest season [43]. This method for the high cost per surface 
unit is not readily applicable at large scale [44]. Solarization may be more effective if 
combined with added nitrogen fertilizers as chicken manure [45].

2.3.3 Rotation

Decreasing the frequency of tomato cultivation prevents P. ramosa seed bank 
increases, maintaining the seed bank dormant and reducing the rate of seed bank 
replenishing. However, it is a long-term strategy due to the long viability of seed  
bank [16], which requires at least a nine-course rotation in order to prevent broom-
rape seed bank increases [46]. Its efficacy for broomrape cultural control can be 
increased including trap and/or catch crops as components in the rotation [16].

The trap crops are species (e.g., Medicago sativa, Vigna unguiculata, Pisum sativum, 
and Linum usitatissimum) whose root exudates induce broomrape seed germination, 

Figure 7. 
Average number per m−2 of P. ramosa for OMW and control at the time of the tomato harvest in the different 
trials. Different letters indicate significant differences at P < 0.05 according to Tukey’s test [35].
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but these species do not allow attachment or support broomrape seedling growth and 
survival [47].

Catch crops are host plants that support normal parasitism, but they are harvested 
as green vegetables after the parasite seeds germinated and before the flowering and 
seed dispersal stages of the parasite itself. For instance, Brassica campestris when 
managed properly as a catch crop can result in up to a 30% reduction in the size of 
broomrape seed bank [48].

2.3.4 Soil management

The soil tillage management must aim at reducing the seed bank, while minimiz-
ing the production of new seeds. In this regard, inversion plowing results in burial 
of a large proportion of seed in the tillage layer, carrying them at a depth from which 
they cannot germinate, although they remain viable in the deep soil for a long period 
of time [49, 50]. Deep plowing has been suggested to bring seeds of parasitic weeds 
to a depth with less oxygen availability and therefore a reduction in its germination 
capacity [51, 52]. Eizenberg et al., 2007 observed that the deep plowing ≥ 12 cm 
strongly reduced broomrape infection severity in terms of number of parasites, total 
parasitic biomass, delayed broomrape emergence and prevention of flower initiation, 
and seed set. Results of another study [53], carried out in two heavily infested fields 
in southern Italy, showed significant lower parasite attachments on tomato roots, the 
lower dry weight of emerged and underground-branched shoots per host plant in 50 
cm deep plowing compared with 30-cm-deep plowing (Table 1).

2.3.5 Sowing or transplanting date

The air and soil temperature are the main factors influencing the dynamic of host/
parasite interaction and development. Temperature is strongly connected with the cli-
matic conditions, which are themselves related to the periods for crops seedling into 
the field. Delayed sowing is consistently reported to reduce infection of winter crops 
such as oilseed rape [30]. Also, in spring-summer crops such as sunflower, modified 
planting dates provided the indirect effect of temperature on Orobanche parasitism 
[54]. In this regard, a study by Kebreab et al., 1999 [55] reports that at supra-optimal 
temperatures for germination of O. crenata seeds (i.e., above 25°C), they will not 

Field trials Plowing depth Total attachments Shoot (DW) Tubercles

(cm) (no) (g) (g)

Field trial A 30 9.7 ± 2.4 a 56.9 ± 12.9 a 106.1 ± 11.8 a

50 5.1 ± 1.5 b 29.9 ± 6.7 b 56.1 ± 8.2 b

Field trial B 30 12.8 ± 2.8 a 73.0 ± 16.4 a 140.7 ± 15.6 a

50 7.9 ± 1.6 b 46.2 ± 10.4 b 87.4 ± 9.7 b

Average plowing 
depth

30 11.2 ± 2.6 a 64.9 ± 14.6 a 123.4 ± 9.0 b

50 6.5 ± 1.5 b 38.0 ± 8.4 b 71.7 ± 8.9 b

Table 1. 
Mean value ± SD of total attachments, dry weight of emerged shoots, and tubercles per tomato plant of 
30-cm-deep plowing compared with 50 cm one. Different letters in each column of each field and plowing 
treatment are differing significantly at P ≤ 0.05, according to Tukey’s test.
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germinate. In a research carried out in southern Italy [14], a delay in seedling trans-
planting date from April to the hottest May reduced the P. ramosa infestation by 77%. 
Indeed, the daily maximum temperature was almost always below 25°C from April to 
mid-May, the period corresponding to the first stage of the tomato cycle for the early 
crop (transplant in April), while it increased to the threshold values always higher 
than 25°C starting from mid-May. This technique would give the host plant a time 
advantage over the P. ramosa and thereby make the tomato crop more competitive 
against this parasitic weed.

2.4 Biological methods

2.4.1 Bioherbicide

Biological agents such as pathogens Fusarium spp. (e.g., Fusarium oxysporum and 
Fusarium arthrosporiodes) or Ulocladium botrytis, incorporated into the soil by drip 
irrigation in field, are able to infect the pre-attached broomrape stages, and efficacy 
in reducing number and weight of emerging broomrapes [56, 57]. Due to the parasitic 
plant life cycle, multiple applications of Fusarium at the soil level would be neces-
sary [58]. Conidial suspension of two F. oxisporum isolated reduced O. crenata and P. 
ramosa germination in vitro by 76–80%, in root chambers by 46–50%, and in poly-
ethylene by 40–55% [59]. Fungi can be applied in the field together with solid growth 
media (such as wheat, corn, or rice grains) or in granules containing the biocontrol 
agent nutrients [60]. Compost activated by Fusarium was efficient in reducing the 
infection, by minimizing the number of parasitic spikes on the host tomato plant. 
This might be due to the additive effects on the seed germination of the parasite of the 
organic compound along with the soilborne fungi [61, 62]. Both granular soil applica-
tions and conidial suspensions of Fusarium sp. caused extensive mortality of P. ramosa 
in pot experiments. On the contrary, in field experiments, results were inconsistent as 
reduction P. ramosa shoot number and biomass [63, 64]. The main obstacle to the use 
and development of biocontrol agents is the poor field efficacy of the known patho-
gens. Soil-active biocontrol agents for Phelipanche must be able to contend with soil 
microorganisms without negatively affecting the host crop [65].

2.4.2 Resistant varieties

Cultivation of resistant varieties is another sustainable method to control Phelipanche 
[66, 67]. In addition, it is a useful component of an integrated approach, because easy to 
combine with other measures such as soil fertility amendments, land preparation, or soil 
tillage. Several mechanisms underlying the resistance of plants to the P. ramosa parasite 
have been described [68]. These include low stimulation of broomrape seed germination, 
pre-haustorial resistance, phytoalexin induction, high levels of peroxidase activities, 
lignification of host endodermis and xylem vessels, cell wall deposition, development 
of an encapsulation layer in the cortical parenchyma, induction of pathogenesis-related 
proteins, and sealing of host xylem vessels by deposition of mucilage [69]. Considered 
that this parasite requires stimulants exuded by the host roots, in order to germinate and 
reach the host root, varieties that exude stimulants at low levels or secrete inhibitors, they 
could be suitable for reducing parasite infection [70, 71]. An example of tomato cultivars 
resistant to P. ramosa infestation was reported by Qasem and Kasraw, 1995 [72]. The 
low germination stimulant phenotype of tomato has been reported in mutants owing to 
reduced exudation of strigolactones [73]. A successful screening program in a heavily 
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broomrape-infested field, to locate a resistant tomato line from a fast neutron-muta-
genized M2 tomato population, was reported in Israel [74]. However, at present there are 
no commercial varieties for the broomrape control in tomato [6]. Research is needed in 
this regard to select from the wide range of varieties resistant to this parasite.

2.5 Integrated method

The single control practices described above are often only partially effective and 
sometimes inconsistent. Therefore, the most feasible way of coping with the weedy 
root parasites is via the integration different preventive measures and control instru-
ments on a long-term basis into the given farming system [75]. The real challenge is to 
integrate practices that obtain optimum efficiency in terms of reduction of existing 
seed banks, prevention of seed production, and avoidance of seed dissemination 
with affordable costs. A computer simulation on integrated approach with a selec-
tion of appropriate cultural methods such as hand weeding, trap/catch cropping, 
delayed planting, resistant cultivars, and solarization demonstrates the importance 
of preventing new seeds entering the soil seed bank [76]. Resistant crop varieties and 
delayed transplant, for instance, are generally considered the useful components of 
an integrated approach that are usually easy to combine with other measures such as 
rotation, soil fertility amendments, and land preparation or soil tillage, and suitable 
to promote tomato plant growth and to reduce the P. ramosa infestation. Advantages 
of these sustainable approaches are no chemical applications that are known to cause 
damage to the environment.

3. Conclusion

The spread of branched broomrape is of great concern in tomato and other 
susceptible crop production systems in many countries around the world. This review 
summarizes the main control measures for the weedy root parasites Phelipanche 
and Orobanche in processing tomato, namely prevention, chemical, agronomic, 
and biological control. Some of these methods are commercially widely used by 
farmers (herbicidal control), some are in the final stages of development toward 
commercialization (resistant varieties), and some still require further development 
and improvement before commercial implementation (bioherbicide control). As for 
chemical control of broomrape, it should take the environment into consideration by 
encouraging reductions of herbicides, by carefully calibration of doses and timing 
of treatments depending on the underground phenology of broomrape determined 
by local conditions. One of the most promising directions is the precision agriculture 
approach of site-specific weed management. In this approach, herbicide is applied 
only in the infested area according to the spatial variation of parasite infestation 
in the field. Furthermore, it is desirable to improve the environmentally friendly, 
sustainable, and practical parasite control methods and use them in an integrated 
way. Therefore, future efforts must aim at improving these parasite control methods 
in accordance with new cultivation technologies suitable for the development of the 
processing tomato.



Management of Branched Broomrape in Field Processing Tomato Crop
DOI: http://dx.doi.org/10.5772/intechopen.106057

11

Author details

Francesco Lops*, Laura Frabboni, Antonia Carlucci, Annalisa Tarantino,  
Maria Luisa Raimondo and Grazia Disciglio
Department Agriculture Food Natural Science Engineering, University of Foggia, 
Foggia, Italy

*Address all correspondence to: francesco.lops@unifg.it

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Tomato - From Cultivation to Processing Technology

12

References

[1] Meena RK, Sanjay K, Meena ML, 
Shashank V. Genetic variability, 
heritability and genetic advance for 
yield and quality attributes in tomato 
(Solanum lycopersicum L.). Journal of 
Pharmacognosy and Phytochemistry. 
2017;7:1937-1939

[2] ISMEA. 2021. https://www.
alimentando.info/pomodoro-da-
industria-17-per-la-campagna-2021-i-
dati-ismea/

[3] USDA, United States Department 
of Agriculture Animal and Plant 
Health Inspection. Service Weed Risk 
Assessment for Phelipanche ramosa (L.) 
Pomel (Orobanchaceae) – Branched 
broomrape. October 17, 2019 Version 
1:1-28

[4] Zhang L, Cao X, Yao Z, Dong X, 
Chen M, Xiao L, Zhao S. Identification 
of risk areas for Orobanche Cumana 
and Phelipanche aegyptiaca in China, 
based on the major host plant and 
CMIP6 climate scenarios. 2022. 10.1002/
ece3.8824

[5] Joel DM, Hershenhorn J, Eizenberg H, 
Aly R, Ejeta G, Rich PJ, et al. Biology and 
management of weedy root parasites. 
Horticultural Reviews. 2007;33:267-349. 
DOI: 10.1002/9780470168011.ch4

[6] Osipitan O, Hanson A, Bradley D, 
Goldwasser Y, Fatino M, Mesgaran MB. 
The potential threat of branched 
broomrape for California processing 
tomato: A review Permalink. Journal 
California Agriculture. 2021;75(2)

[7] Yoneyama K, Ruyterspira C, 
Bouwmeester HJ. Induction of 
germination. In: Joel DM, Gressel J, 
Musselmam L, editors. Parasitic 
Orobanchaceae. Heidelberg: Springer; 
2013. pp. 167-194

[8] Murdoch AJ, Kebreab E. Germination 
ecophysiology. In: Joel DM, 
Gressel J, Musselmam L, editors. Parasitic 
Orobanchaceae. Heidelberg: Springer; 
2013. pp. 195-220

[9] Eizenberg H, Tanaami Z, Ovdat N, 
Rubin B, Jacobsohn J. Effect of seasonal 
conditions on host–parasite relationship 
in Orobanche crenata and O. aegyptiaca. 
In: Joel DM, Gressel J, Musselmam L, 
editors. Current Problems of Orobanche 
Research. Proceedings of the 4th 
International Workshop on Orobanche 
Research. Albena, Bulgaria; 1998.  
pp. 187-193

[10] Rubiales D, Pérez-de-Luque A,  
Fernández-Aparico M, Sillero JC, 
Román B, Kharrat M, et al. Screening 
techniques and sources of resistance 
against parasitic weeds in grain legumes. 
Euphytica. 2006;147:187-199

[11] Kebreab E, Murdoch AJ. The effect 
of water stress on the temperature 
range for germination of Orobanche 
aegyptiaca seeds. Seed Science Research. 
2000;10:127-133. DOI: 10.1017/
S0960258500000131

[12] Tarantino E, Lops F, Disciglio G, 
Carlucci A, Gatta G, Frabboni L. 
Contenere Pheliphanche ramosa su 
pomodoro da industria. L’Informatore 
Agrario. 2015;33:68-72

[13] Mauromicale G, Monaco AL, 
Longo AMG. Effect of Branched 
Broomrape (Orobanche ramosa) infection 
on the growth and photosynthesis of 
Tomato. Weed Science. 2008;56: 
574-581

[14] Disciglio G, Carlucci A, Tarantino A, 
Giuliani MM, Gagliardi A, Libutti A, 
et al. Effect of olive-mill wastewater 



Management of Branched Broomrape in Field Processing Tomato Crop
DOI: http://dx.doi.org/10.5772/intechopen.106057

13

application, organo-mineral fertilization, 
and transplanting date on the control 
of Phelipanche ramosa in open-field 
processing tomato crops. Agronomy. 
2018;8(6):92

[15] Longo AMC, Lomonaco A, 
Mauromincale G. The effect of 
Phelipanche ramosa infection on the 
quality of tomato fruit. Weed Research. 
2010;50:58-66

[16] Rubiales D, Fernández-Aparicio M, 
Wegmann K, Joel D. Revisiting 
strategies for reducing the seedbank 
of Orobanche and Phelipanche spp. 
Weed Research. 2009;49:23-33. 
DOI: 10.1111/j.1365-3180.2009.00742.x

[17] Habimana S, Athanase 
Nduwumuremy A, Chinama RJD. 
Managementof Orobanche in field  
crops: A review. Journal of Soil  
Science and Plant Nutrition. 
2014;14(1):43-62. DOI: 10.4067/
S0718-95162014005000004

[18] Re E. Witchweed (Striga asiatica): An 
overview of management strategies in 
the USA. Crop Protection. 1992;11:3-7

[19] Eizenberg H, Hershenhorn J, 
Graph S, Manor H. Orobanche aegyptiaca 
control in tomato with sulfonylurea 
herbicides. Acta Horticulturae (ISHS). 
2003;613:205-208

[20] Hershenhorn J, Eizenberg H, Dor E, 
Kapulnik Y, Oldwasser GY. Phelipanche 
aegyptiaca management in tomato. 
Weed Research. 2009;49(1):34-37. 
DOI: 10.1111/j.1365-3180.2009.00739.x

[21] Eizenberg H, Hershenhourn J, 
Achdari G, Ephrath JE. A thermal 
time model for predicting parasitism 
of Orobanche cumana in irrigated 
sunflower - field validation. Field Crops 
Research. 2012;137:49-55. DOI: 10.1016/j.
fcr.2012.07.020

[22] Ephrath JE, Eizenberg H. 
Quantification of the dynamics 
of Orobanche cumana and 
Phelipanche aegyptiaca parasitism 
in confectionery sunflower. 
Weed Research. 2010;50:140-152. 
DOI: 10.1111/j.1365-3180.2010.00768.x

[23] Conversa G, Bonasia A, 
Elia A. Chemical control of branched 
broomrape in processing tomato using 
sulfonylureas in Southern Italy. Italian 
Journal of Agronomy. 2017;11(3):1-29. 
DOI: 10.4081/ija.2017.939

[24] Lopez-Perez JA, Le Strange M, 
Kaloshian I, Ploeg AT. Differential 
response of mi gene-resistant tomato 
rootstocks to root-knot nematodes 
(Meloidogyne incognita). Crop 
Protection. 2006;5:382-388

[25] Tarantino E, Frabboni L, 
Giuliani MM, Gatta G, Disciglio G, 
Libutti A, Basso G, de Simone G. Lotta 
alla desertificazione. G.A.L. ‘Piana del 
Tavoliere’; 2008, p. 81

[26] Jain R, Foy CL. Nutrient effects on 
parasitism and germination of Egyptian 
broomrape (Orobanche aegyptiaca). Weed 
Technology. 1992;6:269-275

[27] Yoneyama K, Xie X, Kusumoto D,  
Sekimoto H, Sugimoto Y, Takeuchi Y,  
et al. Nitrogen deficiency as well as 
phosphorus deficiency in sorghum 
promotes the production and exudation 
of 5-deoxystrigol, the host recognition 
signal for arbuscular mycorrhizal 
fungi and root parasites. Planta. 
2007a;227:125-132. DOI: 10.1007/
s00425-007-0600-5

[28] Yoneyama K, Yoneyama K, 
Takeuchi Y, Sekimoto H. Phosphorus 
deficiency in red clover promotes 
exudation of orobanchol, the signal for 
mycorrhizal symbionts and germination 
stimulant for root parasites. Planta. 



Tomato - From Cultivation to Processing Technology

14

2007b;225:1031-1038. DOI: 10.1007/
s00425-006-0410-1

[29] López-Ráez JA, Charnikhova T,  
Gómez-Roldán V, et al. Tomato 
strigolactones are derived from 
carotenoids and their biosynthesis is 
promoted by phosphate starvation. New 
Phytologist. 2008;178:863-874

[30] Fernández-Aparicio M, Reboud X, 
Gibot-Leclerc S. Broomrape weeds. 
Underground mechanisms of parasitism 
and associated strategies for their 
control: A review. Frontiers in Plant 
Science. 2016;7:135

[31] van Hezewijk MJ, Verkleij JAC. The 
effect of nitrogenous compounds on in 
vitro germination of Orobanche crenata 
Forsk. Weed Research. 1996;36:395-404. 
DOI: 10.1111/j.1365-3180.1996.tb01669.x

[32] Bista A. Effects of nitrogenous 
fertilizers on seed germination of 
orobanche solmsii c.d. clarke. Ecoprint. 
2014;21:73-78. DOI: https://doi.
org/10.3126/eco.v21i0.11907

[33] Haidar MA, Sidahmed MM. 
Elemental sulphur and chicken manure 
for the control of branched broomrape 
(Orobanche ramosa). Crop Protection. 
2006;25:47-51

[34] Simpson K. Fertilizer and Manures. 
London: Longman Group Ltd; 1986

[35] Lops F, Carlucci A, Frabboni L, 
Tarantino A, Disciglio G. Use of olive-
mill wastewater for the containment 
of Phelipanche ramosa in open field of 
processing tomato crop. International 
Journal of Environmental Science and 
Development. 2021;12(10):304-310

[36] Saad H, Laor Y, Raviv M, Medina S. 
Land spreading of olive-mill wastewater. 
Effects on soil microbial activity and 
potential phytotoxicity. Chemosphere. 

2007;66:75-83. DOI: 10.1016/j.
chemosphere.2006.05.019

[37] Goldwasser Y, Rodenburg J. 
Integrated agronomic management of 
parasitic weed seed bank. In: Daniel M, 
Joel DM, editors. Parasitic Orobanchacee. 
2013. p. 497

[38] Jamil M, Kanampiu FK, Karaya H, 
Charnikhova T, Bouwmeester HJ. Striga 
hermonthica parasitum in maize in 
response to N and P fertilizers. Field 
Crops Research. 2012;143:1-10

[39] Calvo P, Nelson L, Kloepper JW. 
Agricultural uses of plant biostimulants. 
Plant and Soil. 2014;383:3-41. 
DOI: 10.1007/s11104-014-2131-8

[40] Vurro M, Boari B, Pilgeram AL, 
Sands DC. Exogenous aminoacids inhibit 
seed germination and tubercle formation 
by Orobanche ramosa (Brooomrape): 
Potential application for management 
of parasitic weed. Biological Control. 
2005;36:258-265

[41] Vurro M, Boari B, Evidente A,  
Andolfi A, Zermane N. Natural 
metabolites for parasitic weed 
management. Pest Management Science. 
2009;65:566-571. DOI: 10.1002/ps.1742

[42] Disciglio G, Gatta G, Lops F,  
Libutti A, Tarantino A, Tarantino E.  
Effect of biostimulants to control 
the Phelipanche ramosa L. Pomel in 
processing tomato crop. World Academy 
of Science, Engineering and Technology, 
International Science International 
Journal of Biological, Biomolecular, 
Agricultural, Food and Biotechnological 
Engineering. 2016;10:212-215

[43] Mauro RP, Lo Monaco A, Lombardo S, 
Restuccia A, Mauromicale G. Eradication 
of Orobanche/Phelipanche spp. seedbank 
by soil solarization and organic 
supplementation. Scientia Horticulturae. 



Management of Branched Broomrape in Field Processing Tomato Crop
DOI: http://dx.doi.org/10.5772/intechopen.106057

15

2015;193:62-68. DOI: 10.1016/j.
scienta.2015.06.038

[44] Joel DM. The long-term approach to 
parasitic weeds control: Manipulation 
of specific developmental mechanisms 
of the parasite. Crop Protection. 
2000;19:753-758. DOI: 10.1016/
S0261-2194(00)00100-9

[45] Haidar MA, Sidahmad MM. Soil 
solarization and chicken manure for the 
control of Orobanche crenata and other 
weeds in Lebanon. Crop Protection. 
2000;19:169-173. DOI: 10.1016/
S0261-2194(99)00083-6

[46] Grenz JH, Manschadi AM, 
Uygurc FN, Sauerborn J. Effects of 
environment and sowing date on the 
competition between faba bean (Vicia 
faba) and the parasitic weed Orobanche 
crenata. Field Crops Research. 
2005;93:300-313. DOI: 10.1016/j.
fcr.2004.11.001

[47] Kroschel JA. Technical Manual for 
Parasitic Weed Research and Extension. 
Berlin, Germany: Springer; 2002

[48] Acharya BD, Khattri GB, 
Chettri MK, Srivastava SC. Effect of 
Brassica campestris var. toria as a catch 
crop on Orobanche aegyptiaca seed bank. 
Crop Protection. 2002;21:533-553

[49] Mohler CL, Galford AE. Weed 
seedling emergence and seed survival: 
Separating the effects of seed position 
and soil modification by tillage. Weed 
Research. 1997;37:147-155

[50] Benvenuti S, Macchia M, Miele S. 
Quantitative analysis of emergence of 
seedlings from buried weed seeds with 
increasing soil depth. Weed Science. 
2021;49:528-535

[51] Van Delft GJ, Graves JD, Fitter AH, 
Van Ast A. Striga seed avoidance by 
deep planting and no-tillage in sorghum 

and maize. International Journal of 
Pest Management. 2000;46:251-256. 
DOI: 10.1080/0967087005020601

[52] Eizenberg H, Lande T, Achdari G, 
Roichman A, Hershenhorn J. Effect 
of Egyptian broomrape (Orobanche 
aegyptiaca) burial depth on parasitism 
dynamics and chemical control in 
tomato. Weed Science. 2007;51:152-156. 
DOI: 10.1614/WS-06-135

[53] Disciglio G, Tarantino A, Lops F, 
Frabboni L. Field evaluation of plowing 
depth and the resistance of two 
processing tomato cultivars to the 
parasitic weed Phelipanche ramosa; 2022 
in pre-press

[54] Ephrath JE, Hershenhorn J, 
Achdari G, Bringer S, Eizenberg H. Use 
of a logistic equation for detection of 
the initial parasitism phase of Egyptian 
broomrape (Phelipanche aegyptiaca) in 
tomato. Weed Science. 2012;60:57-63

[55] Kebreab E, Murdoch AJ. A 
quantitative model for loss of primary 
dormancy and induction of secondary 
dormancy in imbibed seeds of Orobanche 
spp. Journal of Experimental Botany. 
1999;50:211-219. DOI: 10.1093/
jxb/50.331.211

[56] Müller-Stöver D. Possibilities of 
biological control of Orobanche crenata 
and O. cumana with Ulocladium 
botrytis and Fusarium oxysporum f. sp. 
orthoceras. Agroecology. 2001;3:174

[57] Boari A, Vurro M. Evaluation 
of Fusarium spp. and other fungi as 
biological control agents of broomrape 
(Orobanche ramosa). Biological Control. 
2004;30:212-219. DOI: 10.1016/j.
biocontrol.2003.12.003

[58] Leslie JF, Summerell BA. Fusarium 
Laboratory Manual. First ed. Ames, IA: 
Blackwell; 2006. p. 388



Tomato - From Cultivation to Processing Technology

16

[59] Nemat AM, Shabana Y, Serag M, 
Hassan N, El-Hawary M. Granular 
formulation of Fusarium oxisporum 
for biological control of faba bean and 
tomato Orobanche. Pest Management 
Science. 2008:1237-1249

[60] Ghaznavi M, Kazemeini SA, 
Naderi R. Effects of N fertilizer and a 
bioherbicide on Egyptian broomrape 
(Orobanche aegyptiaca) in a tomato 
field. Iran Agricultural Research. 
2019;38:9-13

[61] Abouzeid MA, Boari MC, Zonno M, 
Vurro M, Evidente A. Toxicity profiles of 
potential biocontrol agents of Orobanche 
ramosa. Weed Science. 2004;52:326-332

[62] Sauerborn J, Rubiales D. Biology and 
management of weedy root parasites. In: 
Janick J, editor. Horticultural Reviews. 
USA: JohnWiley&Sons Inc; 2007. 
pp. 267-349

[63] Kohlschmid E, Sauerborn J, 
Müller-Stöver D. Impact of Fusarium 
oxisporum on the holoparasitic weed 
Phelipanche ramosa: Biocontrol efficacy 
under field-grown condition. Weed 
Research. 2009;49(1):56-65

[64] Lops F, Disciglio G, Carlucci A, 
Gatta G, Frabboni L, Tarantino A, et al. 
Biological methods to control parasitic 
weed Phelipanche ramosa L. Pomel in the 
field tomato crop. International Journal 
of Biological, Biomolecular, Agricultural, 
Food and Biotechnological Engineering. 
2017;11:264-267

[65] Gressel J. Enhancing microbiocontrol 
of weeds. ASM News. 2003;69:498-502

[66] Rubiales D, Pérez-de-Luque A,  
Joel DM, Alcantara C, Sillero JC.  
Characterization of resistance in 
chickpea to crenate broomrape 
(Orobanche crenata). Weed Science. 
2003;51:702-707

[67] Abbes Z, Kharrat M, Delavault P, 
Simier P, Chaibi W. Field evaluation of 
the resistance of some faba bean (Vicia 
faba L.) genotypes to the parasitic 
weed Orobanche foetida Poiret. Crop 
Protection. 2007;26(12):1777-1784

[68] Pérez-de-Luque A, Moreno MT, 
Rubiales D. Host plant resistance against 
broomrapes (Orobanche spp.): 
Defence reactions and mechanisms of 
resistance. Annals of Applied Biology. 
2008;152:131-141

[69] Hershenhorn J, Goldwasser Y, 
Plakhine D, Lavan Y, Blumenfeld T, 
Bucsbaum H. Orobanche aegyptiaca 
control in tomato fields with 
sulfonylurea herbicides. Weed 
Research. 1998;38:343-349. 
DOI: 10.1046/j.1365-3180.1998.00105.x

[70] Draie R. Investigation for resistances 
to Phelipanche ramosa among research 
tomato genotypes. International Journal 
of Innovative Science, Engineering & 
Technology. 2017;4:248-259

[71] Serghini K, de Pérez Luque A, 
Castejón-Muñoz M, García-Torres L, 
Jorrín JV. Sunflower (Helianthus annuus L.) 
response to broomrape (Orobanche cernua 
Loefi.) parasitism: Induced synthesis 
and excretion of 7- hydroxylated simple 
coumarins. Journal of Experimental 
Botany. 2001;52:2227-2234

[72] Qasem JR, Kasraw IMA. Variation 
of resistance to broomrape (Orobanche 
ramosa) in tomatoes. Euphytica. 
1995;81(1):109-114

[73] Dor E, Joel DM, Kapulnik Y, 
Koltai H, Hershenhorn J. The synthetic 
strigolactone GR24 influences the growth 
pattern of phytopathogenic fungi. Planta. 
2011;234:419-427

[74] Hershenhorn J, Eizenberg H, 
Kapulnik Y, Lande T, Achdari G, Dor D, 
et al. Integrated broomrape management 



Management of Branched Broomrape in Field Processing Tomato Crop
DOI: http://dx.doi.org/10.5772/intechopen.106057

17

is tomato based on resistant varieties and 
chemical control. In: Joel DM, editor. 
COST Action 849 Conference: Means 
for limiting Orobanche propagation 
and dispersal in agricultural fields, 
Newe - YaÕar Research Center. Israel: 
Agricultural Research Organization 
(ARO); 2005

[75] Hershenhorn J, Eizenberg H, Dor E, 
Kapulnik Y, Goldwasser Y. Phelipanche 
aegyptiaca management in tomato. 
Weed Research. 2009;49(1):34-47. 
DOI: 10.1111/j.1365-3180.2009.00739.x

[76] Kebreab E, Murdoch AJ. Simulation 
of integrated control strategies for 
Orobanche spp. based on a life cycle 
model. Experimental Agriculture. 
2001;37:37-51. DOI: 10.1017/
S001447970100401X


