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Abstract  Gravely infestation of tomato fields by Broomrape (Phelipanche ramosa) is growing in the 
Mediterranean basin. Completely devoid of chlorophyll, the root-parasite is entirely dependent on the host-derives 
and successively competes with the sink organs of infected plants. No efficient and economic control means has 
been found. Tomato grafting on resistant rootstocks is a very efficient solution for soil parasites control. The selected 
tomato rootstocks for their resistance to the soil parasites could be also a source of resistance to the Broomrape. In 
this work, we screen different commercial tomato rootstock genotypes for their resistance to Phelipanche ramosa. In 
the greenhouse conditions, we show that rootstocks are different in the degree of susceptibility to Broomrape. 
Attachment number, emergence number, and fresh matter of parasitic broomrapes are affected by rootstock 
genotype. A significant impact of the parasitism onto the dry weight of all infected tomato rootstocks with variable 
degree is observed. Energy, Groundforce and Eldorado which have less of attachment number and emergence 
number successively appear interesting for our objective. 
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1. Introduction 

Tomato (Solanum lycopersicum L.) is an important 
vegetable crop at mondial level. Infestation of tomato 
fields by branched and Egyptian broomrapes (Phelipanche 
ramosa, P. aegyptiaca L., respectively) is growing in the 
arid and semi-arid environments, especially in the 
Mediterranean basin. Tomato is the most affected crop 
being the prominent host of this parasite. Yield losses in 
tomato fields can reach 25% to 75% in heavy-infested 
fields [1,2,3]. Recently, Mauromicale et al., [4] showed 
that the broomrape causes a significant reduction of 
tomato photosynthetic capacity, thus generating a significant 
loss of their aerial organs biomass. The danger of this 
parasite comes from the long viability of its tiny seeds 
(0,2-0,3 mm and 3 µg) in the ground, which exceed at 
least the ten years, and of its very high rate of 
multiplication (100000 seeds plant-1), [5]. Moreover, the 
majority of the damage on the host is caused during the 
underground growth of the parasite and no practical 
methods to control it effectively [6]. 

Broomrapes are obligate parasitic flowering plants 
which depend entirely on their host plants for water and 
nutritional requirements [7]. After connecting to the host 
root vascular system through a haustorium acting as a 
bridge for water and nutrient uptake, the parasite first 
undergoes a subterranean growth resulting in tubercle and 
subterranean stem development. This is followed by 
emerging above soil, flowering and producing a large 

number of seeds. Broomrape seed germination starts in 
response to stimulants secreted from roots of host plants 
[8,9]. However seeds respond to stimuli only after being 
exposed to water and suitable temperatures for several 
days, corresponding to the conditioning period [10]. 

Some integrated methods based on cultural, biological, 
physical, and chemical means are proposed to control 
broomrape in processing tomato [11,12]. Indeed good 
results were obtained by solarization [13,14] and by the 
integration of peas, soybean, sorghum or maize in the crop 
rotation as trap crops as they stimulate Phelipanche seed 
germination but are not infected, then reducing the 
Phelipanche seed bank of the soil. Biocontrol with either 
Phelipanche-pathogenic Fusarium strains or mycoherbicides 
is also promising [15,16]. Nevertheless the most effective 
method to control the parasitic weed Phelipanche in 
processing tomato is to apply sulfonylurea herbicides on 
tomato foliage and by injection through the drip irrigation 
system [17,18]. In parallel, there is an increasing market 
for organically grown tomatoes, where the use of chemical 
pesticides is not an option [19]. 

The genetic approach getting resistance in tomato is 
unsuccessful until now as the molecular components of 
the response of tomato to broomrape is poorly studied [20] 
and as no strong response or immunity against broomrape 
was observed from the large-scale screenings in tomato 
germplasm [21-26], all the screened lines being susceptible 
to varying degrees. Indeed, Kasrawi and Abu-Irmaileh, 
[25] and Qasem and Kasrawi [26] underlined the good 
level of resistance to P. ramosa for accessions LA1380, 
LA1599, LA1581 and LA1478 of S. pimpinellifolium This 
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resistance results in a limited number of broomrapes 
emerged by tomato plant. Recently, El-Halmouch et al., 
[27] characterized the strong resistance to P. aegyptiaca of 
the wild tomato L. pennellii LA 716. This resistance is 
multifactorial since it rests mainly on a very weak 
stimulative activity of the root exudates with respect to the 
parasite germination, but also on the induction of necroses 
broomrapes fixed by the installation of a layer of 
encapsulation around the zone of penetration of the 
parasite, on parietal reinforcements by lignification, and 
on the occlusion of xylemian vessels. Existence of such 
inhibitors compounds in root exudates of resistant plants 
was also suggested by Whitney, [28] and Whitney and 
Carsten, [29]. 

The research of resistance or tolerance in tomato remains a 
priority. Because genetic variability available at cultivated 
tomato is very limited, the search for sources of resistance 
to the broomrape at the wild species, which have a genetic 
diversity 10 times higher, can be an interesting solution 
[30]. The selection for resistance to the soil diseases and 
parasites currently leads to hybrids F1, carrying of dominant 
genes, making it possible to control several pathogenic. 
These hybrids are used as rootstocks of tomato [31]. 
Therefore, we hypothesized that tomato grafting, on 
resistant rootstocks, could improve resistance or tolerance 
to broomrape like they do it against some other soil 
parasites. Indeed vegetables grafting is obligatory in the 
biologic cultures [32], since it is an interesting alternative 
to chemicals such as methyl bromide while making it 
possible to bring a good resistance to many diseases and 
parasites of the soil [19,33,34,35]. 

In contrast the behavior of those rootstocks to the  
root-parasitic plant Phelipanche is unknown. The present 
work aimed to screen the most popular commercial of 
tomato rootstocks against Phelipanche ramosa under 
artificial infestation in controlled environmental 
conditions, revealing their respective degree of 
susceptibility and tolerance to the parasitic weed. 
Susceptibility was evaluated using the total number and 
dry weight (DW) of attached broomrapes per host plant 
and the number of emerged broomrape shoots per host 

plant as indicators. Tolerance was estimated according to 
the impact of parasitism on DW biomass of the host plant. 
The opportunity to use tomato rootstocks as source of 
resistance against P. ramosa is discussed. 

2. Materials and Methods 

2.1. Plant Materials 
Twelve popular commercial tomato rootstocks (Beaufort, 

Maxifort, Heman, 42851, 43965, Brigeor, Integro, Energy, 
Body, Robusta, Groundforce and Eldorado), which were 
selected for their resistance to soil diseases and parasites, 
and one research rootstock La4135 (Table 1), were tested 
for their susceptibility to branched broomrape (Phelipanche 
ramosa). The choice of the rootstock La4135 (S. lycopersicum 
cv. VF36 × S. pennellii LA0716) is explained by the fact 
that S. pennellii presented a partial resistance to the 
egyptian broomrape [36]. The broomrape seeds were 
collected from flowering spikes in infested rapeseed fields 
(Pathovar C, Saint-Martin-de-Fraigneau, Vendée, France, 
2005). Once cleaned, the seeds were stored in darkness at 
25°C until use. 

2.2. Germination Tests 
The ability of broomrape seeds to germinate was 

evaluated in the presence of the synthetic germination 
stimulant GR24. P. ramosa seeds (5 mg DW) were 
sterilized for 5 min in sodium hypochlorite (3.61%) and 
rinsed three times with sterile distilled water. The 
sterilized seeds were conditioned at 25°C for 1 week on 
filter paper moistened with 5 mL of sterile distilled water 
in a Petri dish (Ø 9 cm) covered with aluminum foil. 
Germination was then stimulated by addition of 1 mL of 
GR24 (1 ppm), a synthetic strigol analogue (natural 
stimulant). Four days after the conditioning period, seed 
germination rate was estimated by adding of 1 ml of 
pansso red, and then the germinated seeds were counted 
under a binocular microscope (Olympus SZX10). 

Table 1. Principal characteristics and resistances of the tomato rootstocks, used to determine their degree of susceptibility to the branched 
broomrape; TMV: Tomato Mosaic Virus; For: Fusarium oxysporum Radicis-lycopersici (crown rot); Fol: Fusarium oxysporum lycopersici races 
0 and 1 (1 and 2); CF: Cladosporium fulvum; CR: Corky Root (Pyrenochaeta lycopersici); V: Verticillium sp.; N: Nematodes: the most known 
species (Meloidogyne); St: Stemphyllium; Rs: Bacteria (Ralstonia Solanacearum); HR: High Resistance; IR: Intermediate resistance 

Rootstock Society Hybrid Identity Resistance Codes 

Groundforce Sakata S. lycopersicum × Solanum sp. HR : TMV, V, Fol, N, CR, Rs 

Integro Vilmorin S. lycopersicum × S. hirsutum HR : TMV, V, Fol, N, CR, For 

Energy Vilmorin S. lycopersicum × S. lycopersicum HR : TMV, Fol, For ; IR : V, (N, CR) 

Beaufort De Ruiter Seeds S. lycopersicum × S. habrochaites HR : TMV, CR, N, V, Fol, For, 

Maxifort De Ruiter Seeds S. lycopersicum × S. habrochaites HR : TMV, V, Fol, For, CR, N 

Body Siminis S. lycopersicum × S. hirsutum HR : TMV, V, Fol, For, CF, CR, N, St 

Robusta Siminis S. lycopersicum × S. lycopersicum HR : TMV, V, Fol, For, CF, CR, N 

Heman Syngenta Seeds S. lycopersicum × S. habrochaites HR : For, Fol, TMV, V, CF ; IR : N, CR 

42851 Syngenta Seeds S. lycopersicum × S. habrochaites HR : For, Fol, TMV, V, CF ; IR : N, CR 

43965 Syngenta Seeds S. lycopersicum × S. habrochaites HR : For, Fol, TMV, V, CF ; IR : N, CR 

Eldorado Enzazaden S. lycopersicum × Solanum sp. HR : TMV, CF, CR, V, Fol, For, N 

Brigeor Gautier Seeds S. lycopersicum × Solanum sp. HR : TMV, Fol:2, For, V, N 

La4135 TGRC S. lycopersicum cv. VF36 × S. pennellii LA0716 Not available 
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2.3. Interactions Tomato-Broomrape in Pot 
(Screenings in Greenhouse) 

P. ramosa seeds (10 mg L-1 of soil) were mixed 
homogeneously with a 1:1:1 peat–sand–clay mixture in a 
pot of 3L (about 10000 seeds pot-1). Cultures were 
managed in greenhouse conditions. Ten infested and ten 
non infested pots were equipped per tomato rootstock 
(n=10). The soil infestation by P. ramosa seeds then the 
mixture homogenization were carried out manually in 
each pot. The pots were watered and protected from the 
light with a black plastic film then maintained in this 
conditions for 1 week at 20-25°C (day-night temperature). 
Following Phelipanche seed conditioning, three tomato 
rootstocks seeds were sown directly into each pot. The 
plants grew under a photoperiod of 16h (300 µmol m-2 s-1 
PAR) and at 20-25°C and 15-18°C (day-night 
temperature). Three weeks later seedlings were thinned to 
one per pot. The tomato rootstocks were sprinkled one 
time per week with a sterile solution of 50% Coïc 
neutrophile nutrient solution [37]. The tomato plants were 
addressed, propped and the greedy removed progressively 
with their development. Two independent culture 
campaigns were performed. The first one was aimed to 
screen the twelve commercial and La4135 tomato 
rootstocks. Note that the rootstocks Integro and Robusta 
were integrated into the two culture campaigns, then 
serving as controls. The second screening campaign was 
duplicated the first campaign. Nevertheless, from the 
results of the first campaign, the less interesting rootstocks 
were excluded from the second culture campaign. 

2.4. Collecting of Experimental Data 
Twelve weeks after sowing, tomato plants were gently 

uprooted from the soil. The broomrapes (attached and 
emerged) are collected, washed carefully then classified 
according to their stage of development [38]. stage 1: 
attachment of the germinated broomrapes to the host roots; 
stage 2: tubercle formation; stage 3: appearance of 
adventive roots on the parasite tubercle; stage 4: stem 
formation and development; stage 5: broomrape emerged 
in flowers and fructification; stage 6: faded flowers - 
mature capsules (Figure 1). The degree of rootstocks 
susceptibility was evaluated by the total number of fixed 
broomrapes per plant [39], by the number of emerged 
broomrapes per plant [26,40,41,42,43,44], and by the total 
dry biomass of broomrapes per plant [36]. In parallel, the 
impact of parasitism on the rootstocks was estimated by 
the measurement of the fresh and dry aerial parts and roots 
biomass of the infected and healthy plants. The biomasses 
were measured after drying of the samples at 80°C for 72h 
[36,45]. 

2.5. Statistical Analysis 
Statistical analyses were performed using the SigmaStat 

software (version 3,5). The comparisons of average were 
based on the test of Student Newman Keuls (ANOVA, 
SNK, P≤0,005, n=10). 

 
Figure 1. Developmental stages in Phelipanche ramosa parasitizing 
tomato plants: (a) stage III, growing tubercle (Tub.III); (b) stage IV, 
tubercle (Tub.IV) bearing the growing subterranean shoot (S.IV); (c) 
stage V, tubercle (Tub.V) bearing the emerged flowering shoot. Apical 
part of the flowering shoot is growing (FS.V) and bears fruits containing 
developing seeds (F.V). Basal part (Bp.V) does not bear flowers and is 
larger and more fibrous than the flowering shoot. HR, host roots (tomato). 
Bar, 1 cm. [46] 

3. Results 

3.1. Germination Tests 
After 7-day conditioning, all the tested GR24 

concentrations from 0.1 to 10 mg L-1 triggered high 
germination rates, up to the optimal value of 99% with 
GR24 1 ppm (Table 2). This preliminary test was essential 
to prove the good ability of the broomrape seeds to 
germinate in the presence of germination stimulants. Thus, 
this seed set could be used for the screening of the tomato 
rootstocks in greenhouse. 

Table 2. Results of germination test of broomrape seeds after 1 week 
of preconditioning then treatment for 4 days with GR24. The values 
carrying the same letter are not significantly different (ANOVA, 
SNK, P≤0,05, n=3) 

GR24 Concentration 
(ppm) 

Germination 
% 

0.1 93.5±1.5cd 

0.5 96±1bc 

1 99±0a 

5 97.5±0.5ab 

10 91.5±0.5d 
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3.2. Rootstock Screenings in Greenhouse 
This study proposes to evaluate the behavior of many 

commercial tomato rootstocks resistant to soil-borne 
pathogens provided from international seed-bearers for 
their resistance to the branched broomrape. Thus, the 
problems posed are to know if the resistances carried by 
the rootstocks are effective against the branched 
broomrape. 

The degree of rootstocks susceptibility to P. ramosa 
was estimated by the means of cultures in pots in a soil 
artificially infested (greenhouse trials were in two 
consecutive years). After four months of culture, the 
various parameters were used to measure the resistance of 
tomato rootstocks to branched broomrape: The total 
number of attachments, the total number of emerged 
Phelipanche, the broomrape dry-weight per tomato plant, 
and the reduction of roots and vegetative part in dry matter 
of tomato plant in response to the parasitic attack. 

3.2.1. First screening Series 
Concerning the total number of attachment per tomato 

plant, none of the tomato rootstocks appeared immune to 
broomrape at 12 weeks after infestation. This number 
varies from 24 to 171 according to rootstock. Thus, we 
show that the rootstocks were separated into three 
different groups according to this parameter (ANOVA, 
SNK, P≤0,05, n=10), with an average number of 
attachments about of 50 attachments for (Energy with the 
smallest number, Groundforce, Eldorado, Robusta and 
Beaufort), about of 120 attachments for (Body, 43965, 
La4135 and Heman) and about 150 attachments for 
(La4135, Heman, Brigeor, 42851, Maxifort and Integro 
with the greatest number), (Figure 2). 

The computation of emergences made it possible to 

distinguish the genotypes little or very favorable to the 
development of the broomrapes in post-attachment. A 
small ratio: number of emerged broomrapes / number of 
fixed broomrapes characterized the little favorable 
rootstocks. Thus, although all the commercial tomato 
rootstocks allowed the parasite emergence, three principal 
groups with a significant difference were showed 
(ANOVA, SNK, P≤0,05, n=10): with an average of 18 
emergences for (Robusta, 42851, Body, La4135, Brigeor, 
Maxifort, Heman and Beaufort), about 15 emergences for 
(42851, Body, La4135, Brigeor, Maxifort, Heman, 
Beaufort, Energy and 43965), and about 9 emergences for 
(Maxifort, Heman, Beaufort, Energy, 43965, Groundforce, 
Integro and Eldorado), (Figure 2). 

Concerning the percentage of emerged broomrapes, 
three groups of rootstocks were distinguished (ANOVA, 
SNK, P≤0,05, n=10): a first group composed of the 
rootstocks Robusta (42%) and Energy (31%); a second 
group composed of all the other rootstocks except Integro 
(13% on average); and a third group composed only of the 
rootstock Integro (3%). 

Our results show clearly that the emergence percentage 
is not correlated with the number of attachments. For 
example, the rootstocks Eldorado and Robusta carry a 
similar number of broomrapes but are different very 
distinctly in the emergences percentage: therefore, 
contrary to Eldorado, Robusta is very favorable to the 
development of the broomrapes. An equivalent distinction 
can be made between Integro and trio Brigeor, Maxifort 
and 42851. These last three rootstocks are at the same 
time very sensitive to the broomrape (a high attachments 
number) and very favorable to the parasite development (a 
raised emergences percentage). With the difference of 
Integro, they show a strong capacity to support the growth 
of a very great number of broomrapes. 

 
Figure 2. Evaluation of the sensibility to the branched broomrape of different commercial tomato rootstocks. The values are the averages ± SE 
(ANOVA, SNK, P≤0,05, n=10). Circle size corresponds to the total dry weight of the fixed broomrapes per tomato plant. In green: rootstocks the least 
susceptible to the broomrape and the least favorable to the development of the parasite. These rootstocks will be revalued at the second stage of 
screening. In blue: rootstocks the most susceptible to the broomrape and the most favorable to the development of the parasite. These rootstocks will not 
be revalued at the second screening campaign. In red: rootstocks taken as control for the second screening campaign 
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Idem, as in emergence number, for the dry weight of 
broomrape per tomato plant; there were five considerably 
different groups, with a dry biomass of broomrapes going 
from 0,8 g DW in average for (Eldorado and Groundforce 
with the smallest weight), to 3,4 g DW for (Brigeor and 
Robusta with the greatest weight), (Figure 2). 

Although this first screening did not reveal resistant 
genotypes to the broomrapes, but it allowed to classify the 
genotypes considered very susceptible of the genotypes 
definitely less susceptible to P. ramosa. For their interesting 
characteristics (feeble attachments and emergences number 
and low total biomass of the broomrapes), the behavior of 
rootstocks Eldorado, Energy, Groundforce, Beaufort and 
43965 was approved to the second stage of screening. It is 
the same for Robusta and Integro because their very 
different behavior makes them good controls: Robusta for 
the high emergences percentage and Integro for the very 
significant attachments number. 

3.2.2. Second Screening Series 
This revaluation campaign of susceptibility degree of 

the commercial rootstocks (selected genotypes) is based 
on the same susceptibility indicators as previously. 
Moreover, the measurement of the fresh and dry biomass 
of the roots and aerial parts of the tomato plants will 
contribute to a finer characterization of the tomato 
genotypes tested. Realized on control plants not infested, 
these measurements will also make it possible to evaluate 
the impact of parasitism on the rootstocks development. 

Among the whole of the genotypes tested, the genotype 
Energy carries less attachment per plant, with an average 
of 17 broomrapes fixed per tomato plant, including a 
strong proportion (27%) emerged out after 4 months of 
cultures (that is to say 5 emergences). In spite of the 

reduced number of fixed broomrapes, the dry weight of 
fixed broomrape on Energy is weak (0.04 g DM/fixed 
broomrape). The rootstocks Groundforce, Eldorado and 
Beaufort present a behavior close to that of Energy with a 
small increase of emergence and attachment number for 
Beaufort rootstock. The reduced number of fixed and 
emerged broomrapes for the last genotypes can explain the 
weak biomass of broomrapes carried by these rootstocks, 
(Figure 3). 

The Integro genotype increases a very significant 
number of attachments that is to say on average of 150 
broomrapes per tomato plant. Only 4% of the broomrapes 
emerged after 4 months of culture (that is to say 6 
emergences) and the average dry weight of broomrape is 
relatively weak (0.02 g DM/fixed broomrape). This 
reflects probably the nutritional competition, which is 
established between these many fixed broomrapes for the 
taking away of the nutrients at this very sensitive tomato, 
(Figure 3). 

The Robusta genotype increases a very significant 
proportion of emergences (42% emerged out after 4 
months of culture that is to say 43 emergences). In spite of 
the reduced number of fixed broomrapes (43 broomrapes 
per tomato plant), the average dry weight of a broomrape 
is relatively immense (0,1 g DM/fixed broomrape). This 
reflects probably a development accelerated up of the 
broomrape, which has a great sink strength that competes 
with the sink organs of this genotype, (Figure 3). 

The 43965 rootstock appears very susceptible to the 
broomrape infestation sight of the very high number of 
attachment (89 fixed broomrapes per tomato plant) and 
emergence (16 emergences per tomato plant that is to say 
18% emerged out) and the high average dry weight of 
fixed broomrapes (1,3g / tomato plant), (Figure 3). 

 
Figure 3. Revaluation of the susceptibility to the branched broomrape of different commercial tomato rootstocks. The values are the averages ± SE 
(ANOVA, SNK, P≤0,05, n=10). Circle size corresponds to the total dry weight of the fixed broomrapes per tomato plant. In red: the revaluated 
rootstocks. In blue: the control rootstocks 
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In general, the rootstocks susceptibility degree can be 
given by means of the results of two screening series 
(Table 3). Only the rootstock 43965 showed a very high 
number of emergence in second year compared to that in 
first year (Figure 2 and Figure 3). 

2.3. Influence of the Rootstock Root Biomass 
on Their Susceptibility Degree to  
the Broomrape 

With the exception of the most susceptible rootstock, 
Integro, the root biomass of the rootstocks tends to condition 
the number of fixed broomrapes (Figure 4, r2 = 0,7). Thus, 
these rootstocks present on average 19 fixed broomrapes 
per g DW of roots (19,14 ± 5,95). The size of the root 
system influences at the same time the surface of contact 
with the parasite and probably the intensity of the 
stimulants production of broomrape seeds germination. 
Thus, this result suggests that the lowest sensitivity of 
Energy is explained by a weaker surface of contact with 
parasite seeds and/or more limited production of germination 

stimulants. Concerning Integro, the ratio "number of fixed 
broomrapes / root biomass" is more important, about 50 
fixed broomrapes per g DW of roots. Therefore, this result 
underlines a fixed broomrapes density on the roots of the 
Integro rootstock two to three times more raised than that 
observed on the other rootstocks. 

2.4. Impact of Parasitism on the Rootstocks 
Development 

The negative impact of parasitism on the total DW of 
the all rootstocks tested in second screening campaign is 
presented in Figure 5. It appears that the loss of total DW 
of a rootstock is positively correlated with the total DW of 
the fixed broomrapes. Thus, the highest loss of DW is 
observed for the Integro genotype. In average, 1g of 
broomrape DW causes a loss of 17g rootstock DW. These 
results confirm that the broomrapes act as like as 
additional seaks on the rootstocks and show that none of 
the tested rootstocks compensates the diversion of DW by 
the parasite. 

Table 3. Average of the different index of broomrapes sensibility calculated following two screening series. The values are the averages of 20 
plants per rootstock. By index, the values carrying the same letter are not significantly different (ANOVA, SNK, P≤0,05, n=20) 

Rootstock Attachments Emergences Broomrapes dry weight (g) 

Integro 160,4a 5,3b 2,3ab 

Robusta 48,9de 19,0a 3,0a 

Beaufort 56,6d 8,7ab 1,6bc 

Eldorado 37,3de 4,0b 0,8c 

Energy 20,3e 6,0b 1,0c 

Groundforce 32,1de 4,7b 0,8c 

43965 98,0c 11,6ab 1,2c 

 
Figure 4. Relation between the total dry weight of tomato rootstock roots and the number of broomrapes fixed per plant. The data correspond to the 
averages ± SE (n=10). The correlation is carried out by excluding Integro 
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Figure 5. Correlation between the loss in total dry weight of different rootstocks and the total dry weight of the fixed broomrapes. The data correspond 
to the averages ± SE (n=10) 

Table 4. Impact of parasitism on the development of different rootstocks. The values are the averages of 10 plants per rootstock. By parameter, 
the values carrying the same letter are not significantly different (ANOVA, SNK, P≤0,05, n=10). DW: dry weight; R: roots; V: vegetative aerial 
parts. Control: not infested rootstocks; Test: rootstocks infested by the broomrape 

Rootstock 
Control Test % Reduction 

DW. R DW. V DW. R DW. V DW. R DW. V Total 
Integro 7,8a 32,40ab 3,20abc 5,20bcd 59 84 79 
Robusta 5,51a 24,50bc 2,60bc 3,0d 53 87 81 
Beaufort 8,69a 14,83c 3,89ab 4,07cd 55 73 66 
Eldorado 4,94a 19,64c 2,32bc 7,79b 53 60 59 
Energy 4,17a 17,73c 1,93c 6,75bcd 54 62 60 

Groundforce 5,1a 15,11c 2,44bc 5,70bc 52 62 60 
43965 7,5a 36,32a 3,86ab 13,20a 49 64 61 

 
Figure 6. Effect of parasitism on the ratio: dry weight of aerial parts/dry weight of roots of the different rootstocks. Control: not infested rootstocks; 
Test: rootstocks infested by the broomrape. The values are the averages ± SE. By rootstock, the values carrying the same letter are not significantly 
different (ANOVA, SNK, P=0,05, n=10) 
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Thus, the total DW of rootstocks is strongly reduced in 
response to the broomrape. The percentage of total DW 
reduction varies from 59% for Eldorado to 81% for 
Robusta (Table 4). Whatever the rootstock, the impact of 
parasitism is stronger on the vegetative aerial-parts 
development than on that of the root system. 
Consequently, the infestation affects negatively on the 
ratio aerial-parts DW / roots DW of the rootstocks (Figure 6), 
attesting a modification of the plants allometry in 
consequence of a preferential allowance of the dry matter 
towards the underground parts. The most significant 
modifications are observed for Integro and Robusta 
rootstocks. 

4. Discussion 

This paper shows that there exist among the tomato 
rootstocks different degrees of sensitivity to the branched 
broomrape. None of the rootstocks appeared immune to 
branched broomrape, and they were significantly damaged 
because the infestation by Phelipanche. No induction of 
parasitic necrosis after attachment on the host roots was 
observed, contrary to that described on certain genotypes 
of sunflower resistant to the O. Cumana [38] and O. 
cernua [47], on certain chickpea and pea genotypes 
resistant to the O. crenata [48,49], on certain fababean 
genotypes resistant to the O. foetida [50], or on tomato 
genotypes resistant to the P. aegyptiaca [27]. 

We had found two practical techniques of resistance: 
the first is to control the exudate quantity with which the 
number of attachment remains low and in consequence the 
biomass of fixed Phelipanche is too reduced (case of 
Energy, Groundforce, Eldorado, Beaufort and Robusta 
rootstocks). According to Perez-de-Luque et al., [51] this 
type of resistance seems to be based on a less stimulative 
activity of the root exudates on the parasite seeds whose 
germination is actually elicited by such molecules [52]. 

The second method of resistance seems to be rested 
principally on the limitation of nutrient flows (assimilates) 
in direction of the fixed broomrapes and on slowing even 
blocking it at an early stage (case of Energy, Groundforce, 
Eldorado, 43965 and Integro rootstocks). 

In two cases, the plant displays immense sink strength 
and more than of the parasite. For the suggested reasons, 
resistance in the genotypes Energy, Eldorado and 
Groundforce (few fixed and emerged broomrapes) must 
be underlined and the implied mechanisms in this 
resistance must be investigated. 

This study also showed that the total DW of rootstocks 
is strongly reduced in response to the broomrape and the 
impact of parasitism is stronger on the vegetative aerial-
parts development than on that of the root system. These 
results join those of Press, [53] and of Barker et al., [54] 
which underlines the reduction in the photosynthetic 
capacity and in the ratio aerial-parts DW / roots DW of 
tomato plants parasitized by the specie P. aegyptiaca. 
Such an impact seems to be a common response to the 
plants parasitized by the broomrape [55,56]. Nevertheless, 
the degree with which the parasite affects the plant 
biomass and allometry depends on biotic (genotypes of 
the host and the parasite plants) and abiotic factors 
(precocity of the parasitic attacks, conditions of culture.), 

like that was shown for Striga, another plant parasite 
epirhize [57,58]. 

El-Halmouch et al., [27] found that the wild species S. 
pennellii and S. hirsutum were resistant to P. aegyptiaca 
and the cultivated tomato genotypes S. lycopersicum was a 
susceptible host. They demonstrated that the susceptible 
genotypes induce far greater germination of P. aegyptiaca 
seeds than those resistant. Moreover, root exudates of S. 
pennellii inhibited the germination of P. aegyptiaca seeds 
and their use as an irrigation liquid on the susceptible 
genotypes was a relatively efficient to decrease both the 
number of tubercles and the biomass of P. aegyptiaca 
while spike emergence was retarded, whereas the 
inhibition is removed by dilution. Whitney [28] also found 
that both the extract and exudates from broad bean roots 
stimulated Orobanche crenata to germinate at low 
concentrations but less at high concentrations. Brown et 
al., [59] found that high concentrations of host root 
exudates were reported to inhibit germination of O. minor 
seeds. Johnson et al., [60] also mentioned that the 
germination of P. ramosa seeds was stimulated by an 
analogue of strigol at low concentrations but it was 
inhibited at higher concentrations. Mallet, [61] and 
Whitney, [28] suggested that root exudates contain both 
germination stimulants and inhibitors. As well Whitney 
and Carsten, [29] showed that host root exudates affect the 
germination of broomrape seeds and also contain 
inhibitory components that influence the size and direction 
of growth of the resulting radical. While Gadkar et al., [62] 
proved this hypothesis in agreement that the root exudate 
molecules acquired allelopathic effects. However, natural 
inhibitors from root exudates have not been isolated, 
whereas natural and chemical analogues of stimulating 
substances decreased the germination at an optimal 
concentration [60,63,64,65]. Moreover, the germination 
stimulating capacities is different according to the host 
plant age, it beings too late at the susceptible genotypes 
which are suitable to avoid Phelipanche infestation [27]. 
Shey, [66] mentioned that root exudates of peanut 
(Arachis hypogaea L.) exhibit qualitative and quantitative 
changes in their composition with the increasing age of 
the plant. 

The genetic variability of the commercial rootstocks is 
very significant since the degree of sensitivity determined 
by the number of fixed broomrapes by tomato plant varies 
from a factor 1 for Energy to 9 for Integro. Energy is an 
intraspecific rootstock (hybrid F1, S. lycopersicum × S. 
lycopersicum). On the other hand, Integro is an 
interspecific rootstock (hybrid F1, S. lycopersicum × S. 
hirsutum). The increased sensitivity of this rootstock 
could come from the relative S. hirsutum whose several 
accessions were shown to be very sensitive to the 
branched broomrape [36]. 

Qasem and Kasrawi, [26] discovered that most of 
Solanaceae crops are susceptible to P. ramosa and P. 
aegyptiaca, tomato particularly, and no strong resistance 
or immunity against either species has been found. This is 
also confirmed by Foy et al., [24] for 1361 accessions of 
wild Solanum species screened for their resistance to P. 
aegyptiaca. 

To date, the most promising line for its resistance to P. 
ramosa was obtained in Russia (PZU-11) [67], and is used 
in selection to introduce resistance to the broomrape into 
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varieties of tomato intended for the production in the 
South of Russia [68]. Moreover, this resistance seems 
ineffective in other areas of production [23]. 

To increase the genetic variability of tomato, a great 
number of tomato mutants was also created by mutagenes 
EMS (ethyl methane sulfanate) then sifted in the field or 
under artificial infestation for their resistance to the branched 
broomrape [69]. Thus, some mutants characterized by a 
number of emergences per tomato plant definitely more 
reduced than that of the parental lines could be obtained 
[69,70]. The implied mechanisms of resistance are not 
characterized (or available) to date. 

The test of Phelipanche seeds availability showed that 
all GR24 concentrations produced a completely germination 
(90-100%), that can to eliminate the opportunity of 
infestation possibility. This factor is very important when 
we evaluate the resistance degree for many genotypes 
(inter-specific or intra-specific), but in contrary, it reflects 
the strong viability of broomrape seeds, the parasitic 
virulence and the quick possibility to break the secondary 
dormancy. 

In another hand, the hybrid type of rootstock haven’t 
any relation with the resistance, while we find a inter-
specific rootstocks such as Integro and Maxifort which 
were very susceptible on contrary of the interspecific 
rootstocks Eldorado, Groundforce which were more resistant 
or tolerant. The same thing appears in the intra-specific 
rootstocks, though the rootstock Energy was more resistant 
contrary to Robusta which was the more susceptible. 

5. Conclusions 

The objective of this work was to estimate the 
resistance degree of tomato rootstocks, resistant to the 
majority of soil parasites, to the parasitic weed branched 
Broomrape and to approximate the impact level of P. 
ramosa on the dry weight of this highly infected rootstocks. 
The present study is the first report on rootstocks 
resistance to P. ramosa including genotypes selected for 
their resistance to the soil parasite. 

This study did not reveal any source of resistance and 
tolerance to the branched broomrape among the many 
rootstocks tested. All the genotypes tested are sensitive 
and show a consequent loss of biomass under infestation. 
It thus invalidates the assumption of a possible transfer of 
a resistance to the telluric parasites for the broomrape. 
Thus, the genes of resistance to different telluric pathogens 
carried by the majority from the tested rootstocks are not 
assets for the acquisition of resistance to the branched 
broomrape. 

This study also showed that: the degree of rootstocks 
sensitivity is conditioned by its root biomass; the loss of 
total DW of a rootstock is definitely correlated with the 
total DW of the attached broomrapes and the impact of 
parasitism was more concentrated on the vegetative parts. 

Energy, Groundforce and Eldorado were less sensitive 
to branched broomrape and they gave the best results 
among the tested rootstocks (few fixed and emerged 
broomrapes and smallest biomass of total broomrapes). 

We wish now to determine the influence of the grafting 
on the resistance degree of selected genotypes. Indeed, a 
graft with “strong vegetative growth and strong productivity” 

could represent “a major competitive sink” against to the 
fixed broomrapes and thus unbalance the division of 
assimilates between the vegetative part of the grafted plant 
and the broomrapes, in favorite of the tomato plant. 
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